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Max 


*SU(P3D— 4>) 


Port P3 input setup time 




200 






ns 


tsu(P4D— <f>) 


Port P4 input setup time 




200 






ns 


*SU(P5D— <*) 


Port P5 input setup time 




200 






ns 


*SU(P6D— </>) 


Port P6 input setup time 




200 






ns 


*h(<*— P3D) 


Port P3 input hold time 




40 






ns 


th(<4— P4D) 


Port P4 input hold time 




40 






ns 


<t> — P5D) 


Port P5 input hold time 


Fig 3 


40 






ns 


th(^— P6D) 


Port P6 input hold time 




40 






ns 


tc(X IN ) 


External clock input cycle time 




100 




1000 


ns 


tw(X|NL) 


External clock input "L" pulse width 




30 






ns 


*w(X|nH) 


External clock input "H" pulse width 




30 






ns 


t r (x, N ) 


External clock rising edge time 








20 


ns 


tf(X, N ) 


External clock falling edge time 








20 


ns 



Master CPU bus interface timing (R and W separation type mode) 

(V C c=5V±10%, V ss =0V, T a =-10~70 o c| unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ 


Max 


tsu(cs— R) 


CS setup time 




0 






ns 


tsu(cs— w) 


CS setup time 




0 






ns 


th(R— cs) 


CS hold time 




0 






ns 


th(w— cs) 


CS hold time 




0 






ns 


tsil(A— R) 


AO setup time 




40 






ns 


tsil(A— W) 


AO setup time 


Fig. 3 


40 






ns 


th(R-A) 


AO hold time 




10 






ns 


th(w— A) 


AO hold time 




10 






ns 


tw(R) 


Read pulse width 




160 






ns 


tw(w) 


Write pulse width 




160 






ns 


*SU(D— W) 


Date input setup time before write 




100 






ns 


*h(w— D) 


Date input hold time after write 




10 






ns 


Master CPU bus interface timing (R/W type mode) 

(V CC =5V±10%, V ss =0V,T 


a =-10~ 


70°C, unless otherwise noted) 


Symbol 


Parameter 


Test condition 


Limits 


. Unit 


Mm 


Typ 


Max 


^SU(CS — E) 


CS setup time 




0 






ns 


th(E-cs) 


CS hold time 




0 






ns 


*SU(A— E) 


AO setup time 




40 






ns 


th(E-A) 


AO hold time 




10 






ns 


*SU(RW— E) 


R/W setup time 




40 






ns 


th(E— RW) 


R/W hold time 


Fig 4 


10 






ns 


*W(EL) 


Enable clock "L" pulse width 


160 






ns 


tw(EH) 


Enable clock "H" pulse width 




160 






ns 


tr(E) 


Enable clock rising edge time 








25 


ns 


tf(E) 


Enable clock falling edge time 








25 


ns 


*SU(D— E) 


Data input setup time before write 




100 






ns 


*h(E-D) 


Data input hold time after write 




10 






ns 
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MITSUBISHI MICROCOMPUTERS 
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M37450S4SP/FP 



8-BIT CMOS MICROCOMPUTER 



Local bus/Memory expansion mode, Microprocessor mode 

(V CC =5V±10%, V ss =0V, T a =-10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ. 


Max. 


tsu(D-tf) 


Data input setup time 


Fig 5 


100 






ns 


th(<*-D) 


Data input hold time 


0 






ns 


^SU(D-RD) 


Data input setup time 


100 






ns 


th(RD-D) 


Data input hold time 


0 






ns 
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MITSUBISHI MICROCOMPUTERS 

M37450S1SP/FP,M37450S2SP/FP 

M37450S4SP/FP 



8-BIT CMOS MICROCOMPUTER 



SWITCHING CHARACTERISTICS 

POll/Single-Chip mode (V CC =5V±10%, V ss =0V, T a =-10~70"C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ 


Max 


t(j(<6— P3Q) 


Port P3 data output delay time 








200 


ns 


td(<*~ P5Q) 


Port P5 data output delay time 








200 


ns 


( 4> — P6Q ) 


Port P6 data output delay time 








200 


ns 


*C(0) 


Cycle time 


Fig 3 


400 




4000 


ns 


tw(<*H) 


0 clock pulse width ("H" level) 


190 






ns 




<t> clock pulse width ("L" level) 




170 






ns 


tr<*) 


<f> clock rising edge time 








20 


ns 


tf<*> 


i> clock falling edge time 








20 


ns 



Master CPU bus interface (R and W separation type mode) 

(V C c=5V±10%, V S s=0V, T a =-10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ 


Max 


ta(R— d) 


Data output enable time after read 


Fig 4 






120 


ns 


W(R — D) 


Data output disable time after read 


10 




85 


ns 


tpLH(R — PR) 


Prdy output transmission time after read 






150 


ns 


tpi_H(W— PR) 


Prdy output transmission time after write 






150 


ns 


Master CPU bus interface (R/W type mode) (Vcc=5v±io%, v S s=ov I T a ==-io~7o o c I unless otherwise noted) 


Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ 


Max 


ta(E-D) 


Data output enable time after read 


Fig 4 






120 


ns 


tv(E-D) 


Data output disable time after read 


10 




85 


ns 


tpi_H(E— PR) 


Prdy output transmission time after E clock 






150 


ns 



Local bus/Memory expansion mode, microprocessor mode 

(V CC =5V±10%, V ss =0V, T a =— 10~70°C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ 


Max 


tdU-A) 


address delay time after <t> 








120 


ns 


<f> — A) 


address effective time after <f> 




10 






ns 


tv(RD — A) 


address effective time after RD 




10 






ns 


tv(WR — A) 


address effective time after WR 




10 






ns 


tdu-D) 


data output delay time after <t> 








140 


ns 


td(WR — D) 


data output delay time after WR 


Fig 5 






140 


ns 


W( <t> — D) 


data output effective time after <i> 


20 






ns 


W(WR-D) 


data output effective time after WR 




20 






ns 


*d(<A— RW) 


R/W delay time after <f> 








120 


ns 


td(<A— SYNC) 


SYNC delay time after <f> 








120 


ns 


tw(RD) 


RD pulse width 




170 






ns 


tw(WR) 


WR pulse width 




170 






ns 
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TEST CONDITION 

Input voltage level .' V| H 2. 4V 
V, L 0.45V 
Output test level : V OH 2. 0V 
Vol 0.8V 






Fig. 3 Test circuit in 

single-chip mode 



Fig. 4 Master CPU bus interface 
test circuit 



Fig. 5 Local bus test circuit 



-e- 



open or no 

output current 



V C c or V ss — 



RESET 
A 



P3 
P4 
P5 
P6 

CNV s; 

AV SS 

Vss 



AV C( 



ADV REF 
DAVref 

D-A1 
D-A2 
RD 
WR 
R/W 
SYNC 
RESETqut 



Vcc 



(test point) 

other power 
supply 



open or no output 
current 



Fig. 6 l cc (at stop mode) test condition 
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TIMING DIAGRAM 

Port/single-chip mode timing diagram 

tc(x, N ) 



j 



Port Pi input 



Port Pi output 



tc(*) 



*w(^h) 



ZO^s* 

\o.8 



0.8- 



- tf(*) 



> 



td(^-piD) 



tsU(PID-(*) 



2.4 
0. 45 



- W) 



th(<*-piD) 



Note : V,h=0.8Vcc, V, L =0. 16V CC of X, N 

Master CPU bus interface/ R and W separation type timing diagram 
Read 

*SU(A-R) 



cs 



DB 0 ~DB 7 



X2.4 
0 45_ 



045\ 



2.4 



tsu(cs-R) th(R-CS) 



th(R-A) 



0- 45> A^ 



,tw(R) 



0. 45 



0. 45 



< 



ta(R-D) 



2.0 
0.8 



> 2.0 
0.8 



0.8 

tv(R-D) 



2.0 



tpLH(R-PR) 
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Write 



cs 



DB 0 ~DB 7 



tsil(A— W) 



XI 



0.45 



th(w-A) 



tsu(cs-w) th(w-cs) 



tw(w) 



2.4\ /-2A 
\ 0. 45 0. 45/ 



^0. 45 



tsii(D-W) 



2. 

0. 45 



— -*j th(W-D) 

2.4 



> 



0. 45 



j c 2.0 



tpLH(W— PR) 



Master CPU interface/ R/W type timing diagram 



AO 

R/W 

CS 



DB 0 ~DB, 



write 

DB 0 ~DB 7 



> 



> 



tw(EL) 



x 



2.4 
0.45 



045^ 



tsU(CS-E) 



tw(EH) 



\p. 45 



- *r(E) 



th(E-cs) - 



l a(E-D) 



2.0/ 

o"8\ 



tsU(D-E) 



\o. 45 



- tf( E ) 



th(E-A) 



/§. 45 



1 



ty(E-D) 
th(E-D) 



> 



tpLH(E-PR) 
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Local bus timing diagram 



R/W 
SYNC 



A 0 ~A ie 



D 0 ~D 7 
CPU read 



D 0 ~D 7 
CPU write 



J 



tw(tf H) 



tdC^-Rw) 



X 



td(^ 



X 



tec*) 



\ 



/ 



tf(#) 



1 



• W) 



XZ 



W(#-A) 



;><z 



th(^-D) 



> 



> 



A 0 ~A 1£ 



D 0 ~D 7 
CPU read 



D 0 ~D 7 
CPU write 



X 



K 



I 7 




t SU(D-RD) 





W(RD-A) 



— j th(RD-D) 



> 



\ 



*w(v\ 



td(WR-D) 



ty(WR-A) 



W(WR— D) 
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MITSUBISHI MICROCOMPUTERS 

i f^H f " M37451M4-XXXSP/FP/GP 

M37451M8-XXXSP/FP/GP 
M37451 MC-XXXSP/FP/GP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



DESCRIPTION 

The M37451 M4-XXXSP/FP/GP is a single-chip micro- 
computer designed with CMOS silicon gate technology. It 
is housed in a 64-pin shrink plastic molded DIP or a 
0.8mm-pitch or 0.65mm-pitch 80-pin plastic molded QFP. 
In addition to its simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

It is suited for office automation equipment and control de- 
vices The low power consumption made by the use of a 
CMOS process makes it especially suitable for battery po- 
wered devices requiring low power consumption. It also 
has a unique feature that enables it to be used as a slave 
microcomputer. 

The differences among M37451 M4-XXXSP/FP/GP, M37451 
M8-XXXSP/FP/GP and M37451 MC-XXXSP/FP/GP are as 
shown below. The descriptions that follow describe the 
M37451 M4-XXXSP/FP/GP (abbreviated as M37451) un- 
less otherwise noted. 



Type name 


ROM size 


RAM size 


M37451 M4-XXXSP/FP/GP 


8192 bytes 


256 bytes 


M37451 M8-XXXSP/FP/GP 


16384 bytes 


384 bytes 


M37451 MC-XXXSP/FP/GP 


24576 bytes 


512 bytes 



The number of analog input pins for the 80-pin model (FP, 
GP version) is different from the 64-pin model (SP version). 
In addition, the 80-pin model has special pins for RD, WR, 
RESETout, DAV REF , ADV REF) AV cc and the 64-pin model 
has a special V REF pin. 

FEATURES 

• Number of basic instructions 71 

69 MELPS 740 basic instructions+2 multiply/divide 
instructions 

• Instruction execution time 

(minimum instructions at 12.5MHz frequency) ••••0.64/zs 

• Single power supply 5V±10% 

• Power dissipation normal operation mode 

(at 12.5MHz frequency) 40mW 

• Subroutine nesting 96 levels max.(M37451M4) 

96 levels max.(M37451 M8) 
128 levels max.(M37451MC) 

• Interrupt 15 events 

• Master CPU bus interface 1 byte 

• 16-bit timer 3 

• 8-bit timer (Serial I/O use) 1 

• Serial I/O (UART or clock synchronous) 1 

• A-D converter (8-bit resolution) 3 channels (DIP) 

8 channels (QFP) 

• D-A converter (8-bit resolution) 2 channels 

• PWM output with 8-bit prescaler 

(Either resolution 8 bit a 16 bit is software selectable) • •1 



PIN CONFIGURATION (TOP VIEW) 



I/O port P3 



I/O port P5 



P37/Sr DY 
P36/SclK ' 

P3 5 /TxD ■ 
P3 4 /RxD ■ 
P3 3 /PWM OU t ' 
P3 2 /EV 3 • 
P3,/EV 2 - 
P3 0 /EV, • 
P5 7 /DB 7 ■ 
P5 6 /DB 6 ' 
P5 5 /DB 5 - 
P5 4 /DB 4 - 
P5 3 /DB 3 ■ 
P5 2 /DB 2 • 
P5,/DB, • 
P5 0 /DB 0 • 
P6 7 /W • 
P6 6 /R • 
P65/CS • 
P64/AO • 
P6 3 /P^ • 
P6 2 /INT 3 < 
P6T/INTV 

P60/INT, - 
Read/Write _ 
status output R/w ' 
Synchronous SYNC - 
signal output 

CNVss " 
Reset input RESET - 
Clock input X| N - 
Clock output X OU T " 
Timing output 



I/O port P6 



*E 
*E 
*E 
-E 
*E 
*E 
*E 
*E 
*E 
•Do 

*E 
*E 
*E 
* E 
*E 

*e 

♦Gi 

►[20 

*E 
►[22 

•■E 
*E 
-E 
*-d 

-E 
^E 



2° 
o 
1 

X 
X 
X 

C/5 



2 2 

W CO 

I I 
X 
X 



X 
X 

X X 
V) CO 



64j 


Vcc - 


1 


AV SS 


!«- 


Vref Re 


ID- 


D-A, 


6oj — 


D-A 2 


!«- 


P4 0 /AN 0 


1- 


P4 1 /AN 1 


13- 


P4 2 /AN 2 


!~ 


P0 0 /A 0 




Pd/A, 


13~ 


P0 2 /A 2 


53j *■* 


P0 3 /A 3 




PO4/A4 


io~ 


P0 5 /A 5 


!~ 


P0 6 /A 6 


49) ♦+ 


P0 7 /A 7 


48j- 


P1 0 /A 8 


33- 


P1i/A 9 


46j- 


P1 2 /A 10 


1- 


P1 3 /A n 


44) +■+ 


P1 4 /A, 2 


1- 


P1 5 /A 13 


u~ 


P1 6 /A 14 


43- 


P1 7 /A 15 




P2 0 /D 0 


1- 


P2,/D, 


1- 


P2 2 /D 2 


1- 


P2 3 /D 3 


!- 


P2 4 / D 4 


Il- 


P2 5 /D 5 


ia- 


P2 6 /D 6 


1- 


P2 7 /D 7 



D-A output 



Input port P4 



I/O port PO 



I/O port P1 



I/O port P2 



Outline 64P4B 



• Programmable I/O ports 

(Ports PO, P1, P2, P3, P5, P6) 48 

• Input port (Port P4) • 3(DIP), 8(QFP) 

• Output ports (Ports D-A^ D-A 2 ) 2 

APPLICATION 

Slave controller for PPCs, facsimiles, and page printers. 
HDD, optical disk, inverter, and industrial motor controllers. 
Industrial robots and machines. 
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PIN CONFIGURATION (TOP VIEW) 



P4 0 /AN 0 - 
D-A 2 < 
D-Ai « 
DAV REF - 
ADV REF - 
AV SS 
AVcc 
Vcc 
Vss 
P3 7 /Srdy •< 

P3 6 /S C LK + 

P3 5 /TxD - 
P3 4 /RxD - 
P3 3 /PWM OU T - 
P3 2 /EV 3 « 
NC 
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P2 0 /D 0 
P2i/Di 
P2 2 /D 2 
P2 3 /D 3 
P2 4 /D 4 
P2 5 /D 5 
P2 6 /D 6 
► P2 7 /D 7 
V S s 

NC 

* X 0 UT 

- X| N 

NC 

- RESET 

- CNVss 



0.0.0.0.0.0.0.0.0.0. SP >P ?P SP 



o. a. a. o. 



Outline 80P6N 



P4 2 /AN 2 
P4 1 /AN 1 
P4 0 /AN 0 
D-A 2 
D-At 
DAV ref 
ADVr E f 
AV SS 
AV CC 
Vcc 
Vss 
P37/Srdy 

P36/ScLK 

P3 5 /T X D 

P3 4 /R X D 
P3 3 /PWMout 

P3 2 /EV 3 
NC, 
NC 

P3!/EV 2 
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M37451M4-XXXGP 
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M37451 MC-XXXGP 



O 
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40 




PI7/A15 


39 




NC 


38 




P2 0 /D 0 


H 




P2i/Di 


36 




P2 2 /D 2 


35 




P2 3 /D 3 


34 




P2 4 /D 4 


33 




P2 5 /D 5 


32 




P2 6 /D 6 


H 




P2 7 /D 7 


30 




Vss 


29 




4> 


28 




NC 


27 




XoUT 


26 




X|N 


25 




NC 


1 




RESET 


23 




CNVss 


22 


- 


RESETqut 


E 




SYNC 



^sills' 55 '; 



1 0- <o <o <o (O 
Q_ O. 0. 0. 



Outline 80P6S 



NC : No connection 
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M37451M4-XXXSP BLOCK DIAGRAM 



Clock Clock Timing 
input output output 
X| N Xqut 4> 

— @) 6o) (fj)- 



Reset 
input 

RESET 



R/W SYNC 



Data bus 



V S s 



Clock generating 
circuit 



RAM 

256 
byte 

H 



Program 
PC H (8) 



Program 
counter 
PCl(8J 



Note 2 



ROM 

8192 
byte 



















Arithmetic 
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Processor 

register 
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register 
X(8) 




register 
Y(8) 




Stack 
pointer 
S(8) 




Multi- 
plier/ 
divider 




T V 


IT 
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TT 


1> 


IT 




Bus interface 



AD 

COMP' 



A-D 
converter 



P5(8) 



P4(3) 
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* v /AV S s- v / D-Ai 

I/O port P6 I/O port P5 V REF Input port P4 D-A 2 I/O port P3 
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MITSUBISHI MICROCOMPUTERS 

M37451 M4-XXXSP/FP/GP.M37451 M8-XXXSP/FP/ GP 

M37451MC-XXXSP/FP/GP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



FUNCTIONS OF M37451 M4-XXXSP/FP/GP, M37451 M8-XXXSP/FP/GP, M37451 MC-XXXSP/FP/GP 



Parameter 


Functions 


Number of basic instructions 


71(69 MELPS 740 basic instructions+2) 


Instruction execution time 


0.64/^s (minimum instructions, at 12 5MHz frequency) 


Clock frequency 


12 5MHz (max ) 


Memory size 


M37451 M4-XXXSP/FP/GP 


ROM 


8192 bytes 


RAM 


256 bytes 


M37451 M8-XXXSP/FP/GP 


ROM 


16384 bytes 


RAM 


384 bytes 


M37451 MC-XXXSP/FP/GP 


ROM 


24576 bytes 


RAM 


512 bytes 


Input/Output ports 


P0-P3, P5, P6 


I/O 


8-bitX6 


P4 


Input 


3-bitXl (8-bitX1 for 80-pin model) 


D-A 


Output 


2-bitXl 


Serial I/O 


UART or clock synchronous 


Timers 


16-bit timerX3, 

8-bit timer (serial I/O baud rate generator) X1 


A-D converter 


8-bitX3 channels (8 channels for 80-pin model) 


D-A converter 


8-bitX2 channels 


Pulse width modulator with 8-bit prescaler 


8-bit or 16-bitXl 


Data bus buffer 


1-byte input and output each 


Subroutine nesting 


96-levels (max forM37451M4, M37451M8) 


128-levels (max forM37451MC) 


Interrupt 


6 external interrupts, 8 internal interrupts 
1 software interrupt 


Clock generating circuit 


Built-in (ceramic or quarts crystal oscillator) 


Supply voltage 


5V±10% 


Power dissipation 


40mW (at 12 5MHz frequency) 


Input/Output characters 


Input/Output voltage 


5V 


Output current 


±5mA (max ) 


Memory expansion 


Possible (64K bytes max ) 


Operating temperature range 


-20 to 85°C 


Device structure 


CMOS silicon gate 


Package 


M37451M4-XXXSP 


64-pin shrink plastic molded DIP 


M37451 M8-XXXSP 


M37451 MC-XXXSP 


M37451M4-XXXFP 


80-pin plastic molded QFP 
(0 8mm-pitch) 


M37451 M8-XXXFP 


M37451 MC-XXXFP 


M37451M4-XXXGP 


80-pin plastic molded QFP 
(0 65mm-pitch) 


M37451M8-XXXGP 


M37451 MC-XXXGP 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc, 
V S s 


Supply voltage 




Power supply inputs 5V±10% to V cc . and OV to V S s 


CNVss 


CNVss 


Input 


Controls the processor mode of the chip Normally connected to V S s or V C c 


RESET 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 8 clock cycles (under nor- 
mal Vcc conditions) If more time is needed for the crystal oscillator to stabilize, this "L" condition should 
be maintained for the required time 




Clock input 


Input 


This chip has an internal clock generating circuit To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the X| N and X 0 ut pms If an external clock is used, the clock 
source should be connected to the X| N pin and the X 0 ut pm should be left open 


XquT 


Clock output 


Output 




Timing output 


Output 


Normally outputs signal consisting of oscillating frequency divided by four 


SYNC 


Synchronous 
signal output 


Output 


This signal is output "H" during operation code fetch and is used to control single stepping of programs 


R/W 


Read/Write 
status output 


Output 


This signal determines the direction of the data bus It is "H" during read and "L" during write 


P0 o -P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output The output structure is CMOS output The low-order bits of the address are output except 
in single-chip mode 


PI0-PI7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO The high-order bits of the 
address are output except in single-chip mode 


P2 0 -P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO Used as data bus except in 
single-chip mode 


P3 0 -P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO Serial I/O, PWM output, or 
event I/O function can be selected with a program 


P4 0 -P4 2 
(P4 0 -P4 7 ) 


Input port P4 


Input 


Analog input pin for the A-D converter The 64-pin model has three pins and the 80-pin model has eight 
pins They may also be used as digital input pins 


P5 0 -P5 7 


I/O port P5 


I/O 


Port P5 is an 8-bit I/O port and has basically the same functions as port PO This port functions as an 8-bit 
data bus for the master CPU when slave mode is selected with a program 


P6 0 -P6 7 


I/O port P6 


I/O 


Port P6 is an 8-bit I/O port and has basically the same function as port PO Pins P63~P6 7 change to a control 
bus for the master CPU when slave mode is selected with a program Pins P60-P62 may be programmed 
as external interrupt input pins 


D-Al d-a 2 


D-A output 


Output 


Analog signal from D-A converter is output 


V ref 


Reference voltage 
input 


Input 


Reference voltage input pin for A-D and D-A converter This pin is for 64-pin model only 


ADV ref 


A-D reference 
voltage input 


Input 


Reference voltage input pin for A-D converter This pin is for 80-pin model only 


DAV REF 


D-A reference 
voltage input 


Input 


Reference voltage input pin for D-A converter This pin is for 80-pin model only 


AV SS 


Analog power supply 




Ground level input pin for A-D and D-A converter Same voltage as V S s is applied 


AVcc 


Analog power supply 




Power supply input pin for A-D converter This pin is for 80-pin model only Same voltage as Vcc is applied. 
In the case of the 64-pin model, AVcc ' s connected to Vcc internally 


RD 


Read signal 
output 


Output 


Control signal output as active "L" when valid data is read from data bus This pin is for 80-pin model only. 


WR 


Write signal 
output 


Output 


Control signal output as active "L" when writing data from data bus to external component This pin is for 
80-pin model only 


RESETqut 


Reset output 


Output 


Control signal output as active "H" during reset It is used as a reset output signal for peripheral compo- 
nents This pin is for 80-pin model only 
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FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 

The M37451 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions can be used. 
The WIT instruction can be used. 
The STP instruction can be used. 

MISRG2 Register 

The MISRG2 register is allocated to address 00DF 16 . Bits 0 
and 1 of this register are processor mode bits. This register 
also has a stack page selection bit. 



7 _0 

I I I I I I I I I MISRG2 (address 00DF 16 ) 
L-L Processor mode bits 

00 '. Single-chip mode 

01 : Memory expansion mode 

10 : Microprocessor mode 

11 : Disable 

I Bus interface enable bit 

0 : Disable 

1 : Enable (slave mode) 
Bus interface mode bit 

0 : RD^WR bus 

1 : R/W bus 

' PWM enable bit 

0 : Disable 

1 ' Enable 

I . PWM mode selection bit 

0 : 8-bit high speed PWM 

1 : 16-bit high precision PWM 
' Bus cycle control bit 

0 : Normal bus cycle 

1 : Normal bus cycleX2 
»— Stack page selection bit 

0 : In page 0 area 

1 '. In page 1 area 

Fig. 1 Structure of MISRG 2 
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MEMORY 

• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 

• RAM 

RAM is used for data storage as well as a stack area. 

• ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 



• Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 

• Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with only 2 bytes. 

• Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with only 2 bytes. 



RAM 
(320 bytes) 
for 

M37451 MC 



ROM 
(24K bytes) 
for 

M37451 MC 



RAM 
(192 bytes) 
for 

M37451 M8 



ROM 
(16K bytes) 
for 

M37451MS 



RAM 

(192 bytes) 



ROM 
(8K bytes) 
for 

M37451M4 



0000 16 

00BF 16 
00 DO! 6 



00FF 16 
RAM [ 0100 16 
(64 bytes) 
for 

M37451M4 



013F 16 



01BF 16 
023F 16 

A000 16 
C000 16 

E000 16 



FFE0 16 
FFFF 16 



Not used 



SFR area 



Not used 



Interrupt vector area 



Zero page 



Special page 



Fig. 2 Memory map 
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0OD0 16 


PO register 


00EB 16 


PWM register (low-order) 




00D1 16 


PO directional register 


00EC 16 


PWM register (high-order) 




00D2 16 


P1 register 


00ED 16 


Timer 1 control register 




00D3 16 


P1 directional register 


00EE 16 


Timer 2 control register 




00D4 16 


P2 register 


00EF 16 


Timer 3 control register 




00D5 16 


P2 directional register 


00F0 16 


Timer 1 register (low-order) 




00D6 16 


P3 register 


0OF1 16 


Timer 1 register (high-order) 




00D7 16 


P3 directional register 


00F2 16 


Timer 1 latch (low-order) 




00D8 16 


P4 register/PWM prescaler latch 


00F3 16 


Timer 1 latch (high-order) 




00D9 16 


Additional function register 


00F4 16 


Timer 2 register (low-order) 




00DA 16 


P5 register 


00F5 16 


Timer 2 register (high-order) 




00DB 16 


P5 directional register 


00F6 16 


Timer 2 latch (low-order) 




00DC 16 


P6 register 


00F7 16 


Timer 2 latch (high-order) 




00DD 16 


P6 directional register 


00F8 16 


Timer 3 register (low-order) 




00DE 16 


MISRG1 


00F9 16 


Timer 3 register (high-order) 




00DF 16 


MISRG2 


00FA 16 


Timer 3 latch (low-order) 




00E0 16 


D-A1 register 


00FB 16 


Timer 3 latch (high-order) 




00E1 16 


D-A2 register 


00FC 16 


Interrupt request register 1 




00E2 16 


A-D register 


00FD 16 


Interrupt request register 2 




00E3 16 


A-D control register 


00FE 16 


Interrupt control register 1 




00E4 16 


Data bus buffer register 


00FF 16 


Interrupt control register 2 




00E5 16 


Data bus buffer status register 






0OE6 16 


Receive/Transmit buffer register 






00E7 16 


Serial I/O status register 






00E8 16 


Serial I/O control register 






00E9 16 


UART control register 






00EA 16 


Baud rate generator 















Fig. 3 SFR (Special Function Register) memory map 
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INTERRUPTS 

Interrupts can be caused by 15 different events consisting 
of six external, eight internal, and one software events. 
Interrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op- 
eration is similar to an interrupt. 

When an interrupt is accepted, the registers are pushed, 
interrupt disable flag I is set, and the program jumps to the 
address specified in the vector table. The interrupt request 
bit is cleared automatically. The reset and BRK instruction 
interrupt can never be disabled. Other interrupts are dis- 
abled when the interrupt disable flag is set. 



All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter- 
rupt request bits are in interrupt request registers 1 and 2 
and the interrupt enable bits are in interrupt control regis- 
ters 1 and 2. Figure 4 shows the structure of the interrupt 
request registers 1 and 2 and interrupt control registers 1 
and 2. 

Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is "1", interrupt 
request bit is "1", and the interrupt disable flag is "0". The 
interrupt request bit can be reset with a program, but not 
set. The interrupt enable bit can be set and reset with a 
program. 

Reset is treated as a non-maskable interrupt with the high- 
est priority. Figure 5 shows interrupts control. 



Table 1. Interrupt vector address and priority. 



Event 


Priority 


Vector addresses 


Remarks 


RESET 


1 


FFFF 16 , FFFE 16 


Non-maskable 


Input buffer full interrupt 


2 


FFFD 16 , FFFC 16 


Valid only in slave mode 


Output buffer empty interrupt 


3 


FFFB 16 , FFFA 16 


Valid only in slave mode 


INTi interrupt 


4 


FFF9 16 , FFF8 16 


External interrupt (phase programmable) 


INT 2 interrupt 


5 


FFF7 16 , FFF6 16 


External interrupt (phase programmable) 


INT 3 interrupt 


6 


FFF5 16 , FFF4 16 


External interrupt (phase programmable) 


Timer 1 interrupt 


7 


FFF3 16 , FFF2 16 




Timer 2 interrupt 


8 


FFF1 16 , FFF0 16 




Timer 3 interrupt 


9 


FFEF 16 , FFEE 16 




E\A, interrupt 


10 


FFED 16 , FFEC 16 


External event interrupt (phase programmable) 


EV 2 interrupt 


11 


FFEB 16 , FFEA 16 


External event interrupt (phase programmable) 


EV 3 interrupt 


12 


FFE9 16 , FFE8 16 


External event interrupt (phase programmable) 


Serial I/O receive interrupt 


13 


FFE7 16 , FFE6 n6 


Valid only when serial I/O is selected 


Serial I/O transmit interrupt 


14 


FFE5 16 , FFE4 16 


Valid only when serial I/O is selected 


A-D conversion completion flag 


15 


FFE3 16 , FFE2 16 




BRK instruction interrupt 


16 


FFE1 16 , FFE0 16 


Non-maskable software interrupt 
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L 



Interrupt request register 1 [ 

(address 00FC 16 ) 
Input buffer full interrupt 
request bit 
Output buffer empty interrupt 
request bit 

- INTi interrupt request bit 

- INT 2 interrupt request bit 

- INT3 interrupt request bit 
Timer 1 interrupt request bit 

- Timer 2 interrupt request bit 

- Timer 3 interrupt request bit 



0 : Interrupt disable 

1 : Interrupt requested 



| | | | | | I | | Interrupt control register 1 
(address 00FE 16 ) 



0 Interrupt disable 

1 : Interrupt enabled 



II 



- Input buffer full interrupt 

enable bit 

- Output buffer empty interrupt 

enable bit 

- INT, interrupt enable bit 

- INT 2 interrupt enable bit 

- INT3 interrupt enable bit 

- Timer 1 interrupt enable bit 
-Timer 2 interrupt enable bit 
-Timer 3 interrupt enable bit 



J Interrupt request register 2 
(address 00FD 16 ) 



i — EV, interrupt request bit 
EV 2 interrupt request bit 
EV 3 interrupt request bit 
Serial I/O receive interrupt request bit 
Serial I/O transmit interrupt request bit 

A-D conversion completion interrupt 
request bit 



0 Interrupt disable 

1 : Interrupt requested 



□ 



Interrupt control register 2 
(address 00FF 16 ) 

' — EVt interrupt enable bit 

— EV 2 interrupt enable bit 

— EV 3 interrupt enable bit 

— Serial I/O receive interrupt enable bit 
— Serial I/O transmit interrupt enable bit 

— A-D conversion completion interrupt 



0 : Interrupt disable 

1 .* Interrupt enabled 



Fig. 4 Structure of registers related to interrupt 



Interrupt request bit 






Interrupt enable bit 






Interrupt disable flag I c 






BRK instruction j j ^ Interrupt request 

reset J 



Fig. 5 Interrupt control 
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TIMER 

The M37451 has three independent 16-bit internal timers 
as shown in Figure 6. 

The timers are controlled by the timer i control register (i= 

1, 2, 3) and MISRG1 shown in Figure 7 and 8. 

The timer and the timer latch are independent of each 

other and a value must be written in both when setting a 

timer. 

A write to a timer is performed in the order of T L to T H after 
setting the count enable bit to count inhibit "0". 
A read from a timer is performed in the order of T H to T L ! 
The value of T L is latched in the read timer latch at the tim- 
ing when T H is read. All timers are decrement counters and 
are started by setting the timer i count enable bit to "1". 
When the value of the timer reaches 0000i 6 , and overflow 
occurs and the timer i interrupt request bit is set to "1" at 
the next count pulse. 

During a reset or an STP instruction execution, the low- 
order byte of the timer 1 register is set to FF 16 and the 
high-order byte is set to 03 16 . Also, when an STP instruction 
is executed, a frequency obtained by dividing the oscillat- 
ing frequency by four becomes the timer 1 input regardless 
of the timer 1 count source selection bit. This condition is 
canceled and the original count source is resumed when 
the timer i interrupt request bit is set to "1" or when a reset 
occurs. Refer to the section on the clock generator for de- 
tails concerning the operation of the STP instruction. 
The M37451 provides seven timer modes selectable with 
the timer mode selection bit in the timer i control register. 



"J Timer i control register (i= 1,2,3) 
Timer 1 control register (address 00ED 16 ) 
Timer 2 control register (address 00EE 16 ) 
Timer 3 control register (address 00EF 16 ) 



-Timer mode selection bits 
000". 16-bit timer mode 
001 : Event count mode 
010." Pulse output mode 
01 1 : Pulse period measurement mode 
100: Pulse width measurement mode 
101 '. Programmable waveform 

generation mode 
1 10 : Programmable one-shot 

generation mode 

-Timer count source selection bit 
0."f(X, N )/4 
1 INTi pin input 

-Output level latch 
-Event phase selection bit 

0 : Fall 

1 ' Rise 



Fig. 7 Structure of timer i control register 



7 

rr 



TT 



M MISRG1 (address 00DE 16 ) 



-INTi input polarity selection bit 
-INT 2 input polarity selection bit 
-INT 3 input polarity selection bit 

0 : Fall 

1 : Rise 

-Timer 1 count enable bit 
-Timer 2 count enable bit 

-Timer 3 count enable bit 

0 Count disabled 

1 : Count enabled 



Fig. 8 Structure of MISRG1 



Data bus 



f(X, N )/4 |_ 
intQ- 



o 



TL U 1 TL t 



Count enable bit 



16 I 



RTL 



_ | | Timer interrupt request bit 



Timer control 
register 



Data bus 



Fig. 6 Timer block diagram 
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(1) 16-bit Timer Mode [000] 

In this mode, an interrupt request occurs and the value of 
the timer latch is loaded in the timer each time the timer 
overflows. 

The timer count source is set to f(X )N ) divided by four re- 
gardless of the count sorce selection bit. Assuming that the 
timer latch is n, the frequency dividing ratio is 1/(n+1). 
Figure 9 shows the timer operation during 16-bit timer 
mode. 



(3) Pulse Output Mode [010] 

In this mode, a 50% duty pulse is output from the EVi pin. 
The count source selected with the count source selection 
bit is counted. When it overflows, the phase of the EVi pin 
output level is reversed and the value of the timer latch is 
loaded in the timer. 

When this mode is selected, the EVi pin output level is in- 
itialized to "L". 

Figure 11 shows the timer operation during pulse output 
mode. 



FFFF 16 " 
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TL 


Value set in 
timer latch 


0000! 6 






\ TR 


Timer interrupt 
request 










TR 


TR 





Fig. 9 16-bit timer mode operation 



(2) Event Count Mode [001] 

In this mode, the EVi pin input signal are counted in the 

direction selected by the event input polarity selection bit. 

The input signal from the EVi pin is used as the count 

source regardless of the count source selection bit. The 

operation is the same as with the 16-bit timer mode except 

for the difference in the count source. 

Both the "H" and "L" pulse width of the EVi pin input signal 

must be not less than (4/f(X, N ))+100ns. 

Figure 10 shows the timer operation during event count 

mode. 




TL , Value set in 
timer latch 



TR , Timer interrupt 
request 



Fig. 10 Event counter mode operation 



0000 1( 
EV pin 
output 
waveform 



TL , Value set in 
timer latch 

TR , Timer interrupt 
request 



Fig. 11 Pulse output mode 

(4) Pulse Period Measurement Mode 
[011] 

This mode is used to measure the pulse period of the EVi 
pin input signal. 

The timer counts the count source selected by the count 
source selection bit between the rise-to-rise or fall-to-fall 
interval (selected with the event input polarity selection bit 
in the timer i control register) of the EVi pin input signal. 
At a valid edge on the EVi pin input, the 1's complement of 
the timer value is stored in the timer latch and the timer 
value is set to FFFF 16 . 

Figure 12 shows the timer operation during pulse frequency 
measurement mode. 




FFFF 



FFFF 16 3 |j l a |<c 

EV pin j„ FFFF + T1 TR^fl T2 fl T 3 I [ 

sTanLl EVR EVR EVR EVR 

9 Event phase is valid rising edge 



TR 



Fig. 12 Pulse period measurement mode 
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(5) Pulse Width Measurement Mode [100] 

This mode measures the pulse width while the EVi pin in- 
put signal is "H" or "L". 

Whether to measure the "H" or "L" interval is determined 
by the event input polarity selection bit. If this bit is "0", the 
count source selected with the count source selection bit is 
counted while the input pulse is "H". If it is "1", the count 
source is counted while the input pulse is "L". A 1's com- 
plement of the timer value is stored in the timer latch for a 
valid edge on the EVi pin input. In addition, the timer value 
is set to FFFF 16 for an edge (both rise and fall) on the EVi 
pin input. Figure 13 shows the timer operation during pulse 
width measurement mode. 




Event interrupt input polarity is valid rising edge 
Measure width "L"of pulse 



Fig. 13 Pulse width measurement mode 



FFFF 16 -i 




Fig. 14 Programmable waveform generation mode 

(7) Programmable One-shot Generation 
Mode [110] 

This mode uses the INTi pin input signal as a trigger and 

counts by writing the value of the timer latch in the timer. 

The output level of the EVi pin goes "H" when the trigger is 

issued and goes "L" when the timer overflows. 

The EVi pin level is initialized to "L" when this mode is 

selected. 

The timer count souce is set to f (X 1N ) divided by four re- 
gardless of the count source selection bit. 
A valid edge of the INTi pin input trigger signal is deter- 
mined by the INTi phase selection bit of MISRG1 (00DE 16 ). 
Figure 15 shows the timer operation during programmable 
one-shot generation mode. 



In pulse period measurement mode [011] and pulse width 
measurement mode [100], an EVi interrupt request is issued 
at the valid edge selected by the event phase selection bit. 
That is, an interrupt occurs at the end of the pulse period 
measurement or pulse width measurement. Also, when a 
timer overflow occurs, the count continues from FFFF 16 
without the value of the timer latch being loaded in the 
timer. 

Write to timer latch is inhibited in these modes. Furth- 
ermore, EVi interrupt is disabled during STP instruction ex- 
ecution. 

(6) Programmable Waveform Generation 
Mode [101] 

In this mode, the level set in the output level latch of the 
timer i control register is output to the EVi pin every time 
the timer overflows. 

The timer counts the source selected by the count source 
selection bit and when it overflows, the value in the timer 
latch is loaded in the timer. 

After it overflows, the value of the output level latch and the 
timer latch can be modified to generate any waveform from 
the EVi pin. 

Figure 14 shows the timer operation during programmable 
waveform generation mode. 




oooo r 

INT pin L TRi . i hi. l 

mput^ P j j) J jl 

EV pin I L I I L I IT 
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TR 



L is one-shot 
pulse width 



Fig. 15 Programmable one-shot generation mode 

When the INTi pin input signal is selected as the count 
source for pulse output mode [010], pulse period measure- 
ment mode [011], pulse width measurement mode [100], 
and programmable waveform generation mode [101], the 
"H" and "L" pulse width of the input signal must not be less 
than (6/f(X, N ))+100ns. 
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SERIAL I/O 

Serial I/O can operate in either clock synchronous or clock 
asynchronous (UART) mode. An exclusive baud rate gen- 



eration timer (baud rate generator) is provided for serial 
I/O operation. Figure 16 shows the structure of the regis- 
ters used for serial I/O. 



J—] Serial I/O status register 
J-tJ (address 00E7 16 ) 



Transmit buffer empty flag 
0 : Buffer full 
1 : Buffer empty 

Receive buffer full flag 

0 .* Buffer empty 

1 : Buffer full 



— Transmit shift register shift 

completion flag 

0 : Busy shifting 

1 : Shift complete 

— Overrun error (OE) flag 

0 : No 

1 : Yes 

— Parity error (PE) flag 

0 : No 

1 : Yes 

— Framing error (FE) flag 

0 : No 

1 : Yes 



Summing error (SE) flag 

0 : No 

1 : Yes 



mrr 



I I I UART control register 
' 1 1 ' ' (address 00E9 16 ) 

Character length selection bit 

0 : 8 bits 

1 : 7 bits 
Parity enable bit 

0 : Parity disable 
1 '. Parity enable 
Parity selection bit 

0 : Even parity 

1 : Odd parity 
Stop bit length selection bit 

0 : 1 stop bit 

1 .' 2 stop bit 



| | | | "] Serial I/O control register (address 00E8 16 ) 

L-BRG count source selection bit 
0: f(X IN ) divided by 2 
1 : f(X, N ) divided by 8 

— Serial I/O synchronous clock selection bit 

0 : BRG output divided by 4 
(when clock synchronous serial I/O 
is selected) 

BRG output divided by 16 
(when UART is selected) 

1 : External input clock 

— S RDY output enable bit 

0 : P3 7 operates as normal I/O pin 

1 * P3 7 change to 

Srdy output pin 

— Transmit interrupt source selection bit 

0 : When transmit buffer becomes empty 

1 '. When transmit shift operation is complete 

— Transmit enable bit 

0 '. Transmit disabled 

1 '• Transmit enabled 



- Receive enable bit 

0 '. Receive disabled 

1 : Receive enabled 

- Serial I/O mode selection bit 

0 : Clock asynchronous (UART) serial I/O 

1 : Clock synchronous serial I/O 

- Serial I/O enable bit 

0 : Serial I/O disabled 

(P3 4 -P3 7 are normal I/O ports) 

1 : Serial I/O enabled 

(P3 4 -P3 7 are serial I/O function pins) 



Fig. 16 Structure of registers related to serial I/O 
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(1) Clock Synchronous Serial I/O 

Clock synchronous serial I/O is selected by setting the 
mode selection bit of the serial I/O control register to "1". 
Figure 17 shows a block diagram of clock synchronous se- 
rial I/O and Figure 18 shows its operation. 



With clock synchronous serial I/O, the same clock is used 
as the operating clock between the transmitting and receiv- 
ing microcomputers. If an internal clock is used for operat- 
ing clock, transmit/receive is started by writing a signal in 
the transmit/receive buffer register. 



R X D O 



ScLK O - 

f(x, N ) - 



P3 4 



X 



address 00E6-| 6 I Senal 1/0 contro1 re 9 |Ster | address 00E8 16 
-Receive buffer full flag (RBF) 
2»* Receive interrupt request (Rl) 



I Receive buffer register I 

T 

^"""^e^eiye^hrflMregisTer *j 

t S^ft ClOCk , cock con.ro, crcu,. 



Frequency dividing c, ° ck i . 
,. tiA i /i n \-i \ selection. 
CSS r atio 1/(n+1) bit 



Baud rate generator j j] /4| 

address 00EA 16 



SRDY 



S RDY O Q^-pFfc-fF 

T X D O- 



P3 7 



TE 



P3 5 



■jFall detect 








Shift clock 





Clock control circuit 



-j Transmit shift register Y 

— 



TIC 



Transmit butter register 



- Transmit shift register shift completion flag (TSC) 
*► Transmit interrupt request (Tl) 



- Transmit buffer empty flag (TBE) 



I address 00E6 16 I senai i/o status register I address 00E7 1£ 
i 



Fig. 17 Clock synchronous serial I/O block diagram 



Internal clock $ 

Transmit/receive shift clock 
1/2 to 1/2048 of internal clock 
or external clock 

Serial output T X D 
Serial input R X D 

Receive ready signal 
Srdy 



Receive/transmit 
buffer register 
write signal to 
address 00E6 16 



-UTJIJTJIJTJT^ 





RBF= 1 
TSC= 1 
Overrun error (OE) detected 

Note 1. Use the transmit interrupt source selection bit (TIC) in the serial I/O control register to specify whether to generate a transmit 
interrupt (Tl) when the transmit buffer becomes empty (TBE=1 ) or when transmit shift operation completes (TSC=1 ) 

2. If data is written in the transmit buffer register when TSC=0, transmit clock is generated continuously and serial data is output 
continuously from the T X D pin 

3. The receive interrupt (Rl) is set when the receive buffer full flag (RBF) is set 

4. This example shows the case that the BRG count source is f(X, N )/2 and the contents of BRG reload latch is "00 16 " 

5. If the transmit enable bit (TE) goes from "0" to "1" when the serial I/O enable bit is at "1", the TxD pin goes to "H" level 
After the TxD has transmitted serial data, it is held at the "D 7 " level of the final bit of the last data to be transmitted until the next 
serial data is transmitted 



Fig. 18 Clock synchronous serial I/O operation 
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(2) Clock Asynchronous Serial I/O (UART) 

UART is selected by setting the mode selection bit of the 
serial I/O control register to "0". Figure 19 shows a block 
diagram of UART and Figure 20 shows its operation. 
With the M37451 , one of eight serial data transmission for- 
mats can be selected with the UART control register as 
shown in Figure 16. The transmission format must be 
agreed upon between the transmit side and the receive 
side. 



The transmit shift register and the receive shift register has 
its buffer register respectively to perform serial data trans- 
fer (same memory addresses). 

Data cannot be written or read directly to/from the shift 
registers. Therefore, the data to be transmitted is written to 
a buffer register and the received data is read from a buf- 
fer register. The buffer registers can also be used to store 
data to be transmitted next or to receive 2-byte data con- 
secutively. 



Data bus 



RxDO- 




I Serial I/O control register | addreSS OOE816 

» * Receive buffer full flag (RBF) 
' — *• Receive interrupt request (Rl) 



DZ3 



Clock control circuit 



f(x, N ) 



— TT721 



3fc 



TxDO- 



Frequency divi ding ratio 1/(n+1 ) 

1 Baud rate generator I— 



TE 



I 1/|6 1 



| UART control register { 

address 00E9 16 



-Sl/O clock selection bit 



P3 6 



1 Transmit shift register I 

Character ^pHBH—MaBoJ 

length ~~ IT 
selection | Transmit buffer register | 



TIC 



. Transmit shift register shift completion flag (TSC) 
- Transmit interrupt request (Tl) 
-Transmit buffer empty flag (TBE) 



address 00E6 16 



Data bus 



Serial I/O status register 
t 



J address 00E7 16 



Fig. 19 UART serial I/O block diagram 



Transmit or receive 
clock 



Transmit buffer 
register write 
signal 



Serial output T X D 



Receive buffer 
register read 
signal 



Serial input R X D 




Note 1. Error flag detection is performed as soon as RBF=1 (first stop bit for receive) 

2. Transmit interrupt (Tl) is set to either TBE=1 or TSC=1 according to the transmit interrupt source selection bit (TIC) in 
the serial I/O control register 

3. Receive interrupt (Rl) is set by RBF=1 . 



Fig. 20 UART serial I/O operation 



3-76 



MITSUBISHI MICROCOMPUTERS 

M37451M4-XXXSP/FP GP,M37451M8-XXXSP/FP/GP 

M37451MC-XXXSP/FP/GP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



[Serial I/O control register] SIOCON 

The serial I/O control register is an 8-bit register consisting 
of selection bits for controlling the serial I/O function. 

• Serial I/O enable bit SIOE 

When this bit is set to "1", serial I/O is enabled and pins 
P3 4 -P3 7 can be used as serial I/O function pins. 

• Serial I/O mode selection bit SIOM 

This bit is used to select the serial I/O operation mode. 
When this bit is "0", asynchronous serial I/O (UART), which 
transfers data using start and stop bits, is selected. When it 
is "1", clock synchronous serial I/O which performs trans- 
mission and receive using the same clock is selected. 

• Receive enable bit RE 

Receive operation is enabled when this bit is set to "1" and 
pin P3 4 becomes a serial data input pin. 

• Transmission enable bit TE 

Transmission operation is enabled when this bit is set to 
"1". Pin P3 5 becomes a serial data output pin and shift data 
is output. 

• Transmission interrupt source selection bit TIC 

This bit is used to selelct events that can cause a transmis- 
sion interrupt. 

• S RDY output enable bit SRDY 

If this bit is set to "1" when clock synchronous serial I/O is 
selected, pin P3 7 becomes an S RDY signal output pin and 
Srdy signal is output. 

When an external clock is used during clock synchronous 
serial I/O, the S RDY signal is used to notify the clock sender 
that it can send the serial clock signal. It goes "L" when 
data is written in the transmit/receive buffer register and 
goes "H" at the first fall of the receive clock. When using 
the 

Srdy signal, the transmission enable bit must be set to 
"1" even when performing receive only. 

• Serial I/O synchronous clock selection bit SCS 

When this bit is "1", pin P3 6 becomes an input pin and the 
external clock input from the S C lk pin is selected as the 
serial I/O synchronous clock. When this bit is "0", the baud 
rate generator (BRG) overflow signal is selected as the se- 
rial I/O synchronous clock. Also, when this bit is "0" during 
clock synchronous serial I/O, pin P3 6 becomes an output 
pin and the shift clock is output from the 

Sclk pin- 
When clock synchronous serial I/O is selected, the baud 
rate generator (BRG) output signal divided by four or an 
external clock input is used. When UART is selected, the 
BRG output signal divided by sixteen or an external clock 
input signal divided by sixteen is used. 

• BRG count source selection bit CSS 

The baud rate generator is an 8-bit counter with a reload 
register. By setting a value n in the BRG register (address 
00EA 16 ) , the count source selected by the BRG count 
source selection bit is divided by (n+1). 



[UART control register] UARTCON 

The UART control regsiter is a 4-bit register consisting of 
control bits that are valid when UART is selected. The con- 
tent of this register is used to set the data format for serial 
data transmission/receiving. 

• Character length selection bit CHAS 

This bit is used to select the transmission/receiving charac- 
ter length. 

• Parity enable bit PARE 

When this bit is set to "1", a parity bit is added next to the 
most significant bit (MSB) of the transmission data and 
parity is checked during receive. 

• Parity selection bit PARS 

This bit is used to specify the type of parity to be gener- 
ated during transmission and checked when data is re- 
ceived. The number of 1's in the data is set to even or odd 
according to this bit. 

• Stop bit length selection STPS 

This bit is used to determine the number of stop bits to be 
used during transmission. 

[Serial I/O status register] SIOSTS 

The serial I/O status register is a 7-bit read only register 
consisting of serial I/O operation status flags and error 
flags. Bits 4 to 6 are valid only during UART mode. 
All bits of this register are initialized to "0" at reset, and 
when the transmit enable bit in the serial I/O control regis- 
ter is set to "1", bits "0" and "2" change to "1". 
•Transmission buffer empty flag TBE 
This bit is cleared to "0" when transmission data is written 
in the transmission buffer register and set to "1" when that 
data is transferred to the transmit shift register. It is also 
cleared when TE=0. 

• Receive buffer full flag RBF 

When receiving serial data, data is transferred to the re- 
ceive buffer register and this bit is set to "1" when the re- 
ceive shift register completes receiving a data byte. This 
bit is cleared when the data is read. This bit is also cleared 
when RE=0. 

• Transmit shift register shift completion flag TSC 

This bit is cleared to "0" when the data in the transmission 
buffer register is transferred to the transmit shift register 
and set to "1" when data shift completes. It is also set to 
"1" when TE=0. 
- Overrun error flag OE 

When continuously receiving serial data, this bit is set when 
the next data fill the receive shift register before the data in 
the receive buffer register has been read 

• Parity error flag PE 

When receiving serial data with parity, this bit is set to "1 " 
if the parity of the received data differs from the specified 
parity. 
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• Framing error flag FE 

This bit is set to "1" when there is no stop bit when trans- 
ferring data from the receive shift register to the receive 
buffer. 

• Summing error flag SE 

This bit is set when either overrun, a parity, or a framing 
error occurs. 

Tests for these errors are performed as soon as the data is 
transferred from the receive shift register to the receive 
buffer register and at the same time the receive buffer full 
flag is set. The error flags (OE, PE, FE, and SE) are 
cleared when any data is written in the serial I/O status 
register. Also, all status flags including error flags are 
cleared when SIOE=0. 

Usage cautions 

(1) To reset the serial I/O control register 

Reset the serial I/O control register after disabling the 
transmit and receive enable bits that were enabled at 
that point and resetting the transmit and receive cir- 
cuits. If the serial I/O control register is reset without 
resetting the other items, the settings will not operate 
correctly. 

(2) Transmit and receive interrupt requests when transmit 
and receive enable bits are set. 

Setting the transmit and receive enable bits to "1" sets 
the receive buffer empty flag and the transmit shift reg- 
ister shift completion flag to "1". Therefore, an interrupt 
request is generated and the transmit interrupt request 
bit is set, regardless of which timing is selected for the 
generation of transmit interrupts. 
If interrupts of this timing are not used, first clear the 
transmit interrupt enable bit to "0" (disabled status) , 
set the transmit enable bit, then clear the transmit in- 
terrupt request bit again after executing one instruction 
(e. g., the NOP instruction). Finally, set the transmit in- 
terrupt enable bit to "1" (enabled status). 

(3) To disable transmission after one byte of data has 
been transmitted. 

The method used in the M37451 to post the completion 
of data transmission is to reference the transmit shift 
register shift completion flag (TSC flag). The TSC flag 
is cleared to "0" while data is being transmitted, and it 
is set to "1" when the data transmission is completed. 
Therefore, if transmission is disabled after it has been 
confirmed that the TSC flag has been set, transmission 
can be forced to end after one byte of data is trans- 
mitted. 

However, the TSC flag can also be set by enabling se- 
rial I/O, but it is not cleared by shift clock generation 
and transmission start (after data has been transferred 
from the transmit buffer to the transmit shift register, af- 



ter 0.5 to 1.5 cycles of the shift clock), so if the TSC 
flag is referenced and transmission is disabled at this 
point, data will not be transmitted. Make sure that the 
TSC flag is referenced after transmission has started. 
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BUS INTERFACE 

The M37451 is equipped with a bus interface that is func- 
tionally similar to the MELPS 8-41 series. Its operation can 
be controlled with control signals from the host CPU (slave 
mode). 

The M37451 bus interface can be connected directly to 
either a R/W type CPU or separate RD, WR type CPU. Fig- 
ure 21 shows a block diagram of the bus interface function. 
Slave mode is selected with MISRG2 (address 00DF 16 ) bit 
2 and 3 as shown in Figure 22. 



An input buffer full interrpt occurs when data is received 
from the host CPU and an output buffer empty interrupt 
occurs when data is read by the host CPU. 
In slave mode, ports P5 0 -P5 7 become a tri-state data bus 
used to transfer data, commands, and status to and from 
the host CPU. 

Furthermore, ports P6 4 -P6 7 become host CPU control signal 
input pins and P6 3 becomes a slave status output pin. 



P6 3 /Pr, 




Prdy output 
mode selection 
bit 



Fig. 21 Bus interface circuit diagram 
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MISRG2 (address 00DF 16 ) 



—Processor mode bits 

00 : Single-chip mode 

01 : Memory expansion mode 

10 '. Microprocessor mode 

11 : Disable 

-Bus interface enable bit 

0 : Disable 

1 Enable (slave mode) 
-Bus interface mode bit 

0 : RD, WR bus 

1 : R/W bus 
-PWM enable bit 

0 : Disable 

1 : Enable 

-PWM mode selection bit 

0 : 8-bit high speed PWM 

1 : 16-bit high precision PWM 
-Bus cycle control bit 

0 ! Normal bus cycle 

1 : Normal bus cycleX2 
-Stack page selection bit 

0 : In page 0 area 

1 ' In page 1 area 



J Data bus buffer status register 
(address 00E5 16 ) 



-Output buffer full flag 

0 : Buffer empty 

1 : Buffer full 
-Input buffer full flag 

0 : Buffer empty 

1 : Buffer full 
-User definable flag 

User may freely define this flag 
-AO flag 

Indicates the AO status when the 

IBF flag is set 
-User definable flags 

User may freely define this flag 



Fig. 22 Structure of bus interface relation registers 



rr 



Additional function register (address 00D9 16 ) 



-Timing output stop bit 

0 : Output 

1 : Stop ("H" output) 
-Timing output clock selection bit 

0 : Internal system clock 

1 ^ Oscillation frequency f(X, N ) 

divided by 4 regardless of the value 

of bus cycle control bit 

-P RDY output mode selection bit 

0 : Output the logical sum of OBF and 

IBF (Same as the M37450) 

1 : One shot pulse output when OBF or 

IBF changes from 0 to 1 
-P6 3 /Prdy pm function selection bit 

0 : P RDY output when DBBE— 1 , and 

Port P6 3 function when DBBE=0 

1 : Port P6 3 function 

-PWM clock source selection bit 

0 : Oscillation frequency f(X, N ) 

divided by 2 (Same as the M37450) 

1 '• 8-bit prescaler output 
-Not used 

-Not used 
This bit must be set to "0" 
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[Data bus buffer status register] DBBSTS 

This is an 8-bit register. Bits 0, 1, and 3 are read-only bits 
indicating the status of the data bus buffer. Bits 2, 4, 5, 6, 
and 7 are read/write enabled user-definable flags that can 
be set with a program. The host CPU can only read these 
flags by setting the AO pin to "H". 

• Output buffer full flag OBF 

This flag is set when data is written in the output data bus 
buffer and cleared when the host CPU reads the data in 
the output data bus buffer. When the P RDY output mode 
selection bit is "0", OBF is initialized to "1" only at reset 
and is cleared to "0" by setting the bus interface enable bit 
to "1". In this case, OBF is set to "1" when the bus interface 
enable bit changes from "1" (enable) to "0" (disable) . But 
when the bus interface enable bit is set to "1" again, it is 
set to the value directly before clearing the bus interface 
enable bit. When the P RD y output mode selection bit is "1", 
OBF is initialized to "1" when the bus interface enable bit 
is cleared to "0" or reset. 

In this case, OBF is set to "1" by clearing the bus interface 
enable bit and it is cleared to "0" by setting the bus inter- 
face enable bit. 

• Input buffer full flag IBF 

This flag is set when the host CPU writes data in the input 



data bus buffer and cleared when the slave CPU reads the 
data in the input data bus buffer. When the P RDY output 
mode selection bit is "0", IBF is initialized to "0" only at 
reset. 

When the P RDY output mode selection bit is "1", IBF is in- 
itialized to "0" when the bus interface enable bit is cleared 
to "0" or reset. 

AO Flag 

The level of the AO pin is latched when the host CPU writes 
data in the input data bus buffer. 

[Input data bus buffer] DBBIN 

Data on the data bus is latched in DBBIN when there is a 
write request from the host CPU. The data in DBBIN can 
be read from the data bus buffer register (SFR address 
00E4 16 ). 

[Output data bus buffer] DBBOUT 

Data is written in DBBOUT by writing data in data bus buf- 
fer register (SFR address 00E4 16 ). The data in DBBOUT is 
output to the data bus (P5) when the host CPU issues a 
read request with setting the AO pin to "L". 



Table 2. Control I/O pin functions when bus interface function is selected 



Pin 


Name 


Bus interface 
mode bit 


Prdy output 
mode slection bit 


P63/PRDY pm 
function selection bit 


Input/ 
Output 


Function 


P6 3 


Prdy 




0 


0 


Output 


Status output The NOR of OBF and IBF is output 










1 


I/O 


Port P6 3 function 








1 


0 


Output 


Status output Normally output "0" 

One shot pulse whose length is half of a period of internal system clock <t> is output, 
when OBF or IBF changes from "0" to "1" 
(See Fig 23) 










1 


I/O 


Port P6 3 function 


P6 4 


AO 








Input 


Address input Used to select between DBBSTS and DBBOUT during host CPU read 
Also used to identify commands and data during write 


P6 5 


CS 








Input 


Chip select input Used to select the data bus buffer Select when "L" 


P6 6 


R 


0 






Input 


Timing signal used by the host CPU to read data from the data bus buffer 




E 


1 






Input 


Inputs a timing signal E or inverse of <f> 


P6 7 


W 


0 






Input 


Timing signal used by the host CPU to write data to the data bus buffer 




R/W 


1 






Input 


Input R/W signal used to control the data transfer direction When this signal is "L", 
data bus buffer write is synchronized with the E signal When it is "H", data bus buffer 
read is synchronized with the E signal 
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Fig. 23 Output status of Prdy pin 
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PWM 

The PWM generator has two program-selectable modes; 
the high-speed mode (8-bit resolution) and the high- 
precision mode ( 16-bit resolution). 

Also two clocks listed below can be selected as the count 
clock of each PWM mode. 

• Oscillation frequency f(X, N ) divided by 2 

• 8-bit prescaler output (The count source of prescaler is 
oscillation frequency f(X, N ) divided by 2) 

Figure 26 shows a block diagram of PWM. 
The count clock of PWM can be selected by the PWM 
clock source selection bit of additional function register 
(address 00D9 16 ). And the register MISRG2 (address 
00DF 16 ) is used to enable/disable the PWM and change its 
mode. When the PWM enable bit is set, the PWM gener- 
ator starts from its initial state. 

When PWM clock source selection bit is "0", as shown in 
Figure 24, the output period is fixed. 
In high-speed mode 

(2X255)/f(X IN ) 40.8/^s at f(X, N ) = 1 2.5MHz 
In high-precision mode 

(2X65535)/f(X IN ) 10.4856ms at f(X, N ) = 12.5MHz 
When PWM clock source selection bit is "1", as shown in 
Figure 25, the output period can be changed by setting the 
value to prescaler latch (address 00D8 16 ).(Note) 
In high-speed mode 

|2(n+l)X 255| /f(X, N ) 40.8(n + D/iS at f(X, N ) = 

12.5MHz 
In high-precision mode 

(2(n+l)X65535| /f(X IN ) 10.4856(n + 1 )ms at f (X IN ) Fig. 25 

= 12.5MHz 
n ' Set value to prescaler latch 
The "H" width of the output pulse is determined by setting 
a value only in the PWM L register for high-speed mode and 
in both the PWM H and PWM L in this order for high- 
precision mode. 

If the value set in the PWM register is m, the "H" width of 
the output pulse is 

(PWM periodXm)/255 for high-speed mode and 
(PWM periodXm)/65535 for high-precision mode. 
Note Address 00D8i 6 functions as port P4 register (read 
only) when read, and functions as PWM prescaler 
latch (write only) when write. So the value of PWM 
prescaler can not be read out. 



Changes according to the value 
set in the PWM register 



PWM output 



utput p 

I 



L 



-Fixed period - 



Fig. 24 PWM output (when PWM clock source 
selection bit is "0") 



Changes according to the value set in 
the PWM register 



PWM 
output 



I I 

Changes accordind to the value set in the 
PWM prescaler latch (changeable period) 



PWM output (when PWM clock source 
selection bit is "1") 



Notes on PWM start 



(D 



(2) 



Notes on PWM start 

PWM starts after the PWM enable bit is set to enable 
and "L" level is output from the PWM OU t pin. The 
length of this "L"-level output is as follows: 
If the PWM prescaler is not used (PWM clock source 
selection bit=0): 1/2 clock cycle 
If the PWM prescaler is used (PWM clock source 
selection bit=l): 0+n)/2 clock cycle (where n is the 
value set in the prescaler) 

Notes on PWM restart (only when PWM clock source 
selection bit is "1") 

If the PWM enable bit is set to enabled, then to dis- 
abled, then back to enabled, temporarily clear the 
PWM clock source selection bit to "0" then reset it to 
"1" to re-enable PWM. 
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f(X IN )/2- 



PWM clock source 
selection bit 



PWM enable bit 



8-bit 




prescaler 




- 8 


8-bit 




prescaler 




latch 



PWM L 



PWM H 



16 



Reload control circuit 
j 8 8 ^ 



Data bus 



8/16 
selection 



■ PWM mode 
I selection bit 



TF/F 



Fig. 26 PWM generator block diagram 
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A-D CONVERTER 

An A-D converter is an 8-bit successive approximation 
method. Figure 28 shows a block diagram of the A-D con- 
verter. 

The 64-pin model has three analog voltage input pins; the 
80-pin model has eight. 

A-D conversion is started by a write operation to the analog 
input pin selection bit of the A-D control register shown in 
Figure 27 and by selecting the analog voltage input pin. 
The A-D interrupt request bit in the interrupt request regis- 
ter 2 is set when A-D conversion completes. The result of 
A-D conversion is stored in the A-D register. 
The contents of the A-D register must not be read during 
A-D conversion and f(X, N ) must be no less than 1 MHz dur- 
ing A-D conversion. 



A-D control register 
(address 00E3 16 ) 

Analog input pin 
selection bits 



64 pin model 



b2 


b1 


bO 




0 


0 


0 


: AN 0 


0 


0 


1 


: ANh 


0 


1 


0 


: AN 2 


0 


1 


1 


: an 3 


1 


0 


0 


: an 4 


1 


0 


1 


: an 5 


1 


1 


0 


: an 6 


1 


1 


1 


: an 7 



Note '. Do not select pins other than AN 0 -AN 2 with the 64-pin model 



Fig. 27 Structure of A-D control register 



7S 



P4 0 /AN 0 
P4 1 /AN 1 
P4 2 /AN 2 
P4 3 /AN 3 
P4 4 /AN 4 
P4 5 /AN 5 
P4 6 /AN 6 
P4 7 /AN 7 



o 



o 



7\ 



A-D control register 
(address 00E3 16 ) 




A-D control circuit 



A-D register 
(address 00E2 16 ) 



• A-D interrupt request 



Switch tree 



Ladder resistor 



6 

AV CC 
(V cc ) 



I 



ADV REF - 

(v REF ) 



Fig. 28 A-D converter block diagram 



D-A CONVERTER 

Two 8-bit resolution D-A converter channels are provided. 
Figure 29 shows a block diagram of the D-A converter. 
D-A conversion is performed by setting a value in the D-Ai 
register (addresses 00E0 16 and 00E1 16 ). The result of D-A 
conversion is output from the D-Ai output pin. 
The output analog voltage V DA is determined by the value n 
(decimal) set in the D-Ai register as follows: 
V DA =DAV REF *Xn/256 

*V REF for 64-pin model. 



Data bus 



D-A conversion 
register 



R-2R resistor ladder 



6 

DAV REF 
(V REF ) 



Fig. 29 D-A converter block diagram 
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RESET CIRCUIT 

The M37451 is reset according to the sequence shown in 
Figure 30. It starts the program from the address formed by 
using the content of address FFFF 16 as the high order 
address and the content of the address FFFE 16 as the low 
order address, when the RESET pin is held at "L" level for 
no less than 8 clock cycles while the power voltage is 5V± 







address 
















(1) 


Port PO directional register 


00D1 16 






oo 16 








(2) 


Port P1 directional register 


00D3 16 






oo 16 








(3) 


Port P2 directional register 


00D5 16 I 






oo 16 








(4) 


Port P3 directional register 


00D7 16 I 






00 16 








(5) 


Additional function register 


00D9 16 


0 






0 


0 


0 


0 


0 


(6) 


Port P5 directional register 


00DB 16 






oo 16 








(7) 


Port P6 directional register 


00DD 16 






oo, 6 








(8) 


MISRG1 


00DE 16 




0 


0 


0 




0 


0 


0 


(9) 


MISRG2 


00DF 16 


0 


0 


0 


0 


0 


0 CM1 


0 


(10) 


D-A1 register 


00E0 16 






00 16 








(11) 


D-A2 register 


00E1 16 






00 16 








(12) 


Data bus buffer status register 


00E5 16 














0 


1 


(13) 


Serial I/O status register 


0OE7 16 


0 


0 


0 


0 


0 


° 


0 


(14) 


Serial I/O control register 


0OE8 16 


oo 16 


(15) 


UART control register 


00E9 16 








0 


0 


0 


0 


(16) 


Timer 1 control register 


00ED 16 






0 


0 


0 


0 


0 


0 


(17) 


Timer 2 control register 


00EE 16 




0 


0 


0 


0 


0 


(18) 


Timer 3 control register 


00EF 16 




0 


0 


0 


0 


0 


0 


(19) 


Timer 1 register (low order) 


00F0 16 






FF 16 








(20) 


Timer 2 register (high order) 


00F1 16 [_ 






03 16 








(21) 


Interrupt request register 1 


00FC 16 








00 16 






J 


(22) 


Interrupt request register 2 


00FD 16 [ 




0 


0 


0 


0 


0 


0 


(23) 


Interrupt control register 1 


00FE 16 [ 






00,6 








(24) 
(25) 


Interrupt control register 2 
Processor status register 


00FF 16 

(PS) 


HE 
JL 


"°I 0 J 0 I 0 


0 

-- 


(26) 


Program counter 


(pc h ) I 


Conte 


its of addr 
FFFF 16 


ess 








(pc l ) P 


Contents of address 
FFFE16 





Note 1 Since the contents of both registers other than those listed 
above (including timer 1, timer 2, timer 3, and the serial I/O 
register) and the RAM are undefined at reset, it is necessary 
to set initial values 
2 The initial value of CM1 depends on the level on the CNV SS 
pin 



Fig. 30 Internal state of microcomputer at reset 



10% and the crystal oscillator oscillation is stable and then 
returned to "H" level. The internal initializations following 
reset are shown in Figure 30. 

An example of the reset circuit is shown in Figure 31. The 
reset input voltage must be kept below 0.6V until the supp- 
ly voltage surpasses 4.5V. 




M 37451 



Fig. 31 Example of reset circuit 
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RESET 

RESETqut 

SYNC 

Address 

Data 



_jiiniuuuir 



J — L 



Reset address from 
the vector table 



8 to 12 clock cycles 



Note 1 : Frequency relation of f(X, N ) and <f> is f (X, N ) =4- 0 
2 : The mark " ? " means that the address is changable 
depending upon the previous state. 



Fig. 32 Timing diagram at reset 
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I/O PORTS 

(1) PortPO 

Port PO is an 8-bit I/O port with CMOS output. 
As shown in the memory map (Figure 3), port PO can 
be accessed at zero page memory address 00D0 16 . 
Port PO has a directional register (address 00D1 16 ) 
which can be used to program each individual bit as 
input ("0") or as output ("1"). If the pins are program- 
med as output, the output data is latched to the port 
register and then output. When data is read from the 
output port the output pin level is not read, only the 
latched data in the port register is read. This allows a 
previously ouptut value to be read correctly even 
though the output voltage level is shifted up or down. 
Pins set as input are in the floating state and the signal 
levels can thus be read When data is written into the 
input port, the data is latched only to the port latch and 
the pin still remains in the floating state. 
Depending on the contents of the processor status reg- 
ister (bit 0 and bit 1 at address 00DF 16 ), three different 
modes can be selected; single-chip mode, memory ex- 
pansion mode and microprocessor mode. 
In these modes it functions as address (A 7 -A 0 ) output 
port (excluding single-chip mode). For more details, 
see the processor mode information 

(2) PortPI 

In single-chip mode, port P1 has the same function as 
port PO. In other modes, it functions as address (A 15 - 
A 8 ) output port. 

Refer to the section on processor modes for details. 

(3) Port P2 

In single-chip mode, port P2 has the same function as 
port PO. In other modes, it functions as data (D 0 -D 7 ) in- 
put/output port. Refer to the section on processor mod- 
es for details. 

(4) Port P3 

Port P3 is an 8-bit I/O port with function similar to port 
PO. All pins have program selectable dual functions. 
When a serial I/O function is selected, the input and 
output from pins P3 4 -P3 7 are determined by the con- 
tents of the serial I/O registers. 
This port is unaffected by the processor mode. 

(5) Port P4 

This is an input-only port and may be used as an ana- 
log voltage input port. The number of ports is different 
for the 64-pin model and 80-pin model The 64-pin 
model has three ports and the 80-pin model has eight 
ports. 

(6) Port P5 

This is an 8-bit I/O port with function similar to port PO. 
When slave mode is selected with a program, all ports 
change to the data bus for the master CPU. In this 
case, port input/output is unaffected by the directional 
register 



This port is unaffected by the processor mode register. 

(7) PortP6 

This is an 8-bit input/output port with function similar to 
port PO. 

When slave mode is selected with a program, ports 
P63-P67 change to the control bus for the bus interface 
function. In this case, port input/output is unaffected by 
the directional register. 

Ports P60-P62 are shared with the external interrupt in- 
put pins (INTHNT3). The INT interrupt constantly 
monitors the status of this port and generates an inter- 
rupt at a valide edge. Therefore, if the INT interrupt is 
not used, it must be disabled and if it is used, this port 
must be set to input. 

(8) Port D-A 

Port D-A consists of two analog voltage output pins. 
Any analog voltage can be generated by setting a 
value in the D-A register. 
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(9) 0pin 

The (f> pin normally outputs the internal system clock 
(the oscillation frequency of the resonator connected 
between the X )N and X G ut P'ms, divided by four). 
The timing clock output from the <t> pin is in output 
mode if the timing output stop bit (bit 0 of address 
00D9 16 )is set to "0", and in stop mode if that bit is set 
to "1" and the timing clock output is "H". 
If the timing output clock selection bit (bit 1 of address 
00D9 16 ) is set to "0" when the timing output stop bit is 
"0" (timing output is being output), the internal system 
clock that is output from the </> pin is the oscillation fre- 
quency divided by four if the bus cycle control bit is 
"0", or the oscillation frequency divided by eight if that 
bit is "1". If the timing output clock selection bit is "1", 
the bus cycle control bit is ignored — the clock that is 
output is the oscillation frequency divided by four. (See 
Fig. 33) 



(10) SYNC pin 

This pin outputs a signal that is "H" during one cycle of 
the (f> during operation code fetch. 

(11) R/W pin 

This is a control signal output pin that indicates the loc- 
al bus direction in memory expansion and microp- 
rocessor modes. 

(12) RD, WRpins 

These are local bus write and read timing signal output 
pins for memory expansion and microprocessor modes. 
A signal equivalent to the signal otuput from the R/W 
separated by the <f> signal is output. 
These pins are used exclusively by the 80-pin model. 

(13) RESETout pin 

This pin goes "H" while the microprocessor is being 
reset. It can be used as a reset signal output pin for 
peripheral devices. 

This pin is used exclusively by the 80-pin model. 



SEB 6, $DF CLB 6, $DF LDA 

Internal system clock <f> 

iiJiJiJiJiJi__n-—TL—n n n_n_ 

SYNC j— | | ^ | 



R/W 



» juuu 1 n n i in 

WR |_J 

<t> output when timing output clock selection bit is "0" 

* jixunjTiiJT__rL_n n n tut 

<t> output when timing output clock selection bit is "1" 

* JlJTJ-UTimJlJlJTJlJlJT^ 



Fig. 33 Output from 4> pin 
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Port PO, P1 , P2 



P3 4 



Serial I/O enable bit 



Receive enable bit 



1 ~^TPn 



Data bus 



-| Directional register I- 



I 



' ' — [p^ecTion aTTe^isterj— 



T 



J 



4- 



Serial I/O input 



P3 0 -P3 2 



Data bus 



1 1 — ^Directional register^ - 



mode 2 . 



l imer mode - — i _ 

selection bit mode 5 pD - 
mode 6 



Timer output - 



Event counter input 
Event interrupt input 



P3 5 



Serial I/O enable bit . 
Transmit enable bit - 

— < — 



i — | Directional register} — 



Data bus 



4=- 



-5- 



Serial I/O output -p* 



P3 3 



Data bus 



- |pirectional register ^ — 



PWM enable bit 
PWM output - 



P3 6 

Serial I/O clock selection bit 

Serial I/O enable bit^" 
Serial I/O mode selection bit 
Serial I/O enable bit 
< 



-O 



i • — | Directional register} — 



Data bus 



Serial I/O clock output — |S 



^^^^ 



External clock input 



Fig. 34 Ports P0-P6 block diagram (single-chip mode) and output only pin output format (1) 
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P3 7 



Serial I/O enable bit 
Serial I/O m ode selection bit 
Srdy output enable bit 

-4- 



Data bus 




Serial ready output -(>■ 



Port P4 



P5 0 -P5 7 



P65/CS 



-O 



P6 6 /R 

Bus interface enable bit — > 

4 



Data bus 



>— — j Directional register | - 
— h 1 — [ Data register 





(DP5 0 does not have a status register and OBF flag is set 
®P5i does not have a status register and IBF flag is set 
(DP5 3 does not have a status register and AO flag is set 

P6 0 -P6 2 



1 ►-— [Directional registerl- 



Data bus 



Data register | - 



It 0 



Interrupt input 



R/W, SYNC, RD, WR, RESET Q 



— 3— o 



Timing output clock selection bit 
-e- 



Oscillation— £0- 
frequency 
divided by 4 

Intrnal 

system — £0- 
clock 



t 



hK3 



Timing output stop bit 



P6 3 

P63/PRDY pm function 

selection bit — 1 
Bus interface enable bit — =0--| 
< 



< 1 — j Directional register J - 



Data bus 



Parallel ready output — |>- 



P6 4 -P6 7 



■Hi 



Data bus 



Bus interface enable bit 

— < — 



[Directional register}" 



DBB control input **— 1 



DBB control input P6 4 AO input 

P6 5 CS input 

P6 6 R/E input 

P6 7 W/R/W input 



Fig. 35 Ports P0-P6 block diagram (single-chip mode) and output only pin output format (2) 
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PROCESSOR MODE 

By changing the contents of the processor mode bits (bits 
0 and 1 at address 00DF 16 ), three different operation mod- 
es can be selected; single-chip mode, memory expansion 
mode, and microprocessor mode. 

In the memory expansion mode and the microprocessor 
mode, ports P0-P2 can be used as address, and data in- 
put/output pins. 

Figure 37 shows the functions of ports P0-P2 
The memory map for the single-chip mode is shown in Fi- 
gure 2 and for other modes, in Figure 36. 
By connecting CNV SS to V ss , all three modes can be 
selected through software by changing the processor mode 
bits. Connecting CNV SS to V cc automatically forces the 
microcomputer into microprocessor mode. 
The three different modes are explained as follows 




Memor y Microprocessor 
expansion mode 

mode 



The shaded area is external memory area 

Fig. 36 External memory map in processor mode 

(M37451M4) 



(1) Single-chip mode [00] 

The microcomputer will automatically be in the single- 
chip mode when started from reset, if CNV SS is con- 
nected to V ss . Ports P0-P2 will work as original I/O 
ports. 

(2) Memory expansion mode [01] 

The microcomputer will be placed in the memory ex- 
pansion mode when CNV SS is connected to V ss and 
the processor mode bits are set to "01" This mode is 
used to add external memory when the internal mem- 
ory is not sufficient. 

In this mode, port P0 and port P1 are as a system 
address bus and the original I/O pin function is lost. 
Port P2 becomes the data bus of D 7 -D 0 (including in- 
struction code) and loses its normal I/O functions. 

(3) Microprocessor mode [10} 

After connecting CNV SS to V cc and initiating a reset or 
connecting CNV SS to V ss and the processor mode bits 
are set to "10", the microcomputer will automatically 
default to this mode. In this mode, the internal ROM is 
disabled so the external memory is required. Other 
functions are same as the memory expansion mode. 
The relationship between the input level of CNV SS and 
the processor mode is shown in Table 3. 
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CM, 


0 


0 


1 


CM 0 


0 


1 


0 


\Mode 
Port \ 


Single-chip mode 


Memory expansion mode 


Microprocessor 
mode 


Port PO 








r 


Same as left 


A 


r 


d 


Ports PO7-PO0 


Ports PO7-PO0 


I/O port 


Addresses A 7 -A 0 






Port P1 








r 


Same as left 


* I 


r 




Ports PI7-PI0 


Ports PI7-PI0 


I/O port 


Addresses A 15 -A 8 






Port P2 






r 


Same as left 


'J 


r 




Ports P2 7 -P2 0 
I/O port 


Ports P2 7 -P2 0 

"V J °a ta V 

/ \ D 7 -D 0 



Fig. 37 Processor mode and function of ports P0-P2 



Table 3. Relationship between CNV SS pin input level and processor mode 



CNVss 


Mode 


Explanation 


V S s 


• Single-chip mode 

• Memory expansion mode 

• Microprocessor mode 


The single-chip mode is set by the reset 

All modes can be selected by changing the processor mode bit with the program 


Vcc 


• Microprocessor mode 


The microprocessor mode is set by the reset 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
40. 

When an STP instruction is executed, the internal clock <f> 
stops oscillating at "H" level. At the same time, FF 16 is set 
in the low-order byte of timer 1, 03 16 is set in the high-order 
byte, and timer 1 count source is forced to f(X !N ) divided 
by four. This connection is cleared when timer 1 overflows 
or the reset is in, as discussed in the timer section. 
The oscillator is restarted when an interrupt is accepted. 
However, the clock 0 keeps its "H" level until timer 1 over- 
flows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used 
When the WIT instruction is executed, the clock <t> stops in 
the "H" level but the oscillator continues running. This wait 
state is cleared when an interrupt is accepted. Since the 
oscillation does not stop, the next instructions are executed 
at once. 

To return from the stop or the wait status, the interrupt en- 
able bit must be set to "1" before executing STP or WIT in- 
struction. Especially, to return from the stop status, the tim- 
er 1 count enable bit must be set to "1" and the timer 1 in- 
terrupt enable bit must be set to "0" before executing STP 
instruction. 

With the M37451, the MISRG2 bit 6 shown in Figure 22 can 
be used to double the bus cycle. However, the timer, 
UART, and PWM operations are unafffected. This facilitates 



accessing of slow peripheral LSIs when external memory 
and I/O are extended in memory expansion mode or mic- 
roprocessor mode. Note that this bit also affects the bus cy- 
cle in single-chip mode. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 38. 
The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock usage is shown in Figure 39. 
X| N is the input, and Xqut is open. 




Fig. 38 External ceramic resonator circuit 



M37451 M4-XXXSP 


X 




29 ' 





External oscillating circuit 



Fig. 39 External clock input circuit 



Interrupt 
request 



Interrupt 
disable flag I" 




STP instruction - 



S Q 



WIT 

instruction 



S Q 


t 




Q S 


R 






R 



R — STP instruction 



X>r\ 



1/4 



Bus cycle control bit 



Timer 1 count enable bit 



5=f 




Internal clock <j> 



o o 

X| N Xqut 



Fig. 40 Block diagram of clock generating circuit 
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PROGRAMMING NOTES 

(1 ) Processor status register 

1 . Except for the interrupt disable flag, (I) being set to 
"1", the content of the processor status register (PS) 
is unpredictable after a reset. Therefore, flags affect- 
ing program execution must be initialized. 
The T flag and D flag which affect arithmetic opera- 
tions, must always be initialized. 

2 . An NOP instruction must be used after the execution 
of a PLP instruction. 

(2) Interrupts 

Even though the BBC and BBS instructions are ex- 
ecuted just after the interrupt request bits are modified 
(by the program), those instructions are only valid for 
the contents before the modification. Also, at least one 
instruction cycle must be used (such as an NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) Decimal operations 

1 . Decimal operations are performed by setting the de- 
cimal mode flag (D) and executing the ADC or SBC 
instruction In this case, there must be at least one 
instruction following the ADC or SBC instruction be- 
fore executing the SEC, CLC, or CLD instruction. 

2. The N (Negative), V( Overflow), and Z(Zero) flags 
are ignored during decimal mode. 

(4) Timers 

1 . The frequency dividing ratio when n (0 to 65535) is 
written in the timer latch is 1/(n+1 ). 

2. When directly writing a value in the timer, set the 
count enable bit to count disable (0) and write in the 
low-order byte first and then in the high-order byte. 

3 . The timer value must be read from the high-order 
byte first. 

(5) Serial I/O 

In clock synchronous serial I/O mode, if the receiver is 
to output an S RDY using an externa! clock, the receive 
enable bit, S RDY output enable bit, and transmission en- 
able bit must be set to "1" 

(6) A-D conversion 

The comparator consists of coupling capacitors that 
lose their charge when the clock frequency is low. 
Therefore,f(X| N )must be no less than 1MHz during A-D 
conversion. (If the bus cycle control bit is "1", the bus 
cycle is doubled and the A-D conversion time is also 
doubled, therefore, f (X !N ) must not be less than 
2MHz.) Also, the STP and WIT instructions must not be 
executed during A-D conversion 

(7) STP instruciton 

The STP instruction must be executed after setting the 
timer 1 count enable bit (bit 4 at address 00DE 16 ) to 
enable ("1"). 



(8) Multiply/Divide instructions 

1 . The MUL and DIV instructions are not affected by 

the T and D flags. 
2 . The contents of the processor status register are un- 
affected by multiply or divide instructions. 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

• mask ROM order confirmation form 

• mark specification form 

• ROM data EPROM 3 sets 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V CC 


Supply voltage 


With respect to V ss 
Output transistors are 
at "off" state 


-0. 3 to 7 


V 


v ( 


Input voltage X )Nl RESET 


-0. 3 to 7 


V 




Input voltage P0 0 -P0 7 , PI0-PI7, P2 0 -P2 7 , 
P3 0 -P3 7) P4 0 -P4 7 , P5 0 -P5 7 , 
P6 0 -P6 7) ADV REF , DAV REF , 
Vref, AVcc 


—0. 3 to Vcc+0. 3 


V 


v, 


Input voltage CNV S s 


-0.3 to 13 


V 


V 0 


Output voltage P0 0 -P0 7 , P1 0 -P1 7 , P2 0 -P2 7 , 

P3 0 -P3 7 , P5 0 -P5 7 , P6 0 -P6 7l Xout, 0, 
R/W, RD, WR, SYNC, RESET OU t 


—0. 3 to Vcc+0. 3 


V 


Pd 


Power dissipation 


T a = 25°C 


1000(Note 1) 


mW 


Topr 


Operating temperature 




-20 to 85 


°C 


Tstg 


Storage temperature 




—40 to 125 


°C 



Note 1 : 500mW in case of the flat package 



RECOMMENDED OPERATING CONDITIONS 

(Voo=5V±10%, Ta=-20 to85°C unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


Vss 


Supply voltage 




0 




V 


V, H 


"H" input voltage RESET, X, N , CNV S s (NoteD 


0. 8V CC 




Vcc 


V 


V, H 


"H" input voltage P0 0 -P0 7 , PI0-PI7, P2 0 -P2 7> 
P3 0 -P3 7 , P4 0 -P4 7) P5 0 -P5 7> 
P60-P67 

(expect Note 1 ) 


2.0 




V C c 


V 


V IL 


"L" input voltage CNV S s (Note 1 ) 


0 




0. 2V CC 


V 


v, L 


"L" input voltage P0 0 -P0 7) PI0-PI7. P2 0 -P2 7 , 
P3 0 -P3 7 , P4 0 -P4 7 , P5 0 -P5 7 , 
P6 0 -P6 7 

(expect Note 1 ) 


0 




0.8 


V 


V IL 


"L" input voltage RESET 


0 




0. 12V CC 


V 


V,L 


"L" input voltage X| N 


0 




0. 16V CC 


V 


'oL(peak) 


"L" peak output current P0 0 -P0 7 , PI0-PI7, 
P2 0 ~P2 7 , P3 0 -P3 7 , 
P5 0 -P5 7 , P6 0 -P6 7 






10 


mA 


'oL(avg) 


"L" average output current P0 0 -P0 7 , P1o-P17> 
P2 0 -P2 7 , P3 0 -P3 7 , 
P5 0 -P5 7 , P6 0 -P6 7 (Note 2) 






5 


mA 


'oH(peak) 


"H" peak output current P0 0 -P0 7 , P1 0 -P17> 
P2 0 -P2 7 , P3 0 -P3 7 , 
P5 0 -P5 7 , P6 0 -P6 7 






-10 


mA 


'oH(avg) 


"H" average output current P0 0 -P0 7 , PI0-PI7, 
P2 0 -P2 7 , P3 0 -P3 7 , 
P5 0 -P5 7 , P6 0 -P6 7 (Note 2) 






-5 


mA 


f(x, N ) 


Internal clock oscillating frequency 


1 




12.5 


MHz 



Note 1 : Ports operating as special function pins INT 1 -INT 3 (P6o-P6 2 ), EV 1 -EV 3 (P3 0 -P32), R X D(P3 4 ), 
Sclk(P3 6 ) 

2 : loL(avg) and 'oH(avg) are tne average current in 100ms 

3 : The total of l OL of Port P0, P1, and P2should be 40mA (max^ 

The total of l OL of Port P3, P5, P6, R/W, SYNC, RESET OU t, RD, WR and <f> should be 40mA (max ) 
The total of I 0 h of Port P0, P1, and P2_should be 40mA (max ) 

The total of l OH of Port P3, P5, P6, R/W, SYNC, RESET OU t- RD, WR, and </> should be 40mA (max ) 



3-96 



MITSUBISHI MICROCOMPUTERS 

M37451IVI4.XXXSP/FP/GP,IVI37451IVI8.XXXSP/FP/GP 

M37451MC-XXXSP/FP/GP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



ELECTRICAL CHARACTERISTICS (v cc =5v±io%, v S s=ov,T a =-2oto85°c,f(x IN )=i2.5MHz) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Voh 


"H" output voltage RD, WR, R/W, SYNC, RESET 0U t, <t> 


Ioh =— 2 mA 


Vcc-1 






V 


Vqh 


"H" output voltage PO0-PO7, PI0-PI7, P2 0 -P2 7l 
P3 0 -P3 7 , P5 0 -P5 7 , P60-P67 


Ioh =— 5 mA 


v cc — 1 






V 


Vol 


"L" output voltage P0 0 -P0 7 , PI0-PI7, P2 0 -P2 7 , 
P3 0 -P3 7 , P5 0 -P5 7 , P60-P67, 
RD, WR, R/W, SYNC, RESET OU t, <t> 


l 0L =2mA 






0. 45 


V 


Vol 


"L" output voltage P0 0 -P0 7 , PI0-PI7, P2 0 -P2 7 , 
P3 0 -P3 7 , P5 0 -P5 7 , P6 0 -P6 7 


Iol = 5 mA 






1 


V 


V t + - V T _ 


Hysteresis INT1-INT3(P6 0 -P6 2 ), EV^EVatPSo-PSz), 
R X D(P3 4 ), S C lk(P3 6 ) 


Function input level 


0.3 




1 


V 


v T + - v T _ 


Hysteresis RESET 








0. 7 


V 


v T + - V T - 


Hysteresis X iN 




0.1 




0.5 


V 


IlL 


"L" input current P0 0 -P0 7 , PVPI7, P2 0 -P2 7 , 
P3 0 -P3 7 , P4 0 -P4 7 , P5 0 -P5 7 , 
P6 0 -P6 7 , RESET, Xin 




—5 




5 


juA 


llH 


"H" input current P0 0 -P0 7 , PI0-PI7, P2 0 -P2 7 , 
P3 0 -P3 7 , P4 0 -P4 7 , P5 0 -P5 7 , 
P6 0 -P6 7 , RESET, X| N 


V, =V CC 


-5 




5 


juA 


Vram 


RAM retention voltage 


At stop mode 


2 






V 


Ice 


Supply current 


f(X, N ) = 1 25MHz 
At system operation 




8 


15 


mA 


At stop mode 
(Note!) 




1 


10 


juA 



Note 1 ' The terminals RD, WR, SYNC, R/W, RESETout- <t>, D-A, and D-A 2 are all open The other ports, which are in the input 

mode, are connected to V ss A-D converter is in the A-D completion state The current through ADV REF and DAV REF is not 
included. (Fig 45) 



A-D CONVERTER CHARACTERISTICS 

(Vcc=AV O o=5V±10%, Vss=AV S s=0V, T a = -20 to 85'C, f(X, N ) = 12. 5MHz unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 




Resolution 








8 


Bits 




Absolute accuracy 


Vcc=Av cc =ADVr EF =5V±10% 




±1.5 


±3 


LSB 


tcoisiv 


Conversion time 








49 


*cU) 


V IA 


Analog input voltage 




AV SS 




AV CC 


V 


Vadvref 


Reference input voltage 




2 




Vcc 


V 


Rladder 


Ladder resistance value 


ADV REF = 5 V 


20 


35 


50 


kn 


'l ADVREF 


Reference input current 


ADV REF = 5 V 


0. 1 


0. 14 


0. 25 


mA 


Vavcc 


Analog power supply input voltage 






Vcc 




V 


Vavss 


Analog power supply input voltage 






0 




V 



D-A CONVERTER CHARACTERISTICS (V CC =5V±10%, V ss =AV S s=0V, T a =-20to85°C unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 




Resolution 








8 


Bits 




Full scale deviation 


V CC =DAV REF =5V±10% 






1.0 


% 


tsu 


Set time 








3 


JUS 


Ro 


Output resistance 




1 


2 


4 


kn 


Vavss 


Analog power supply input voltage 






0 




V 


Vqavref 


Reference input voltage 




4 




Vcc 


V 


Idavref 


Reference power input current 




0 


5 


10 


mA 
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TIMING REQUIREMENTS 

POrt/Sl'ngle-Chip mode (V CO =5V±10%, V ss =0V, T a =-20 to 85"C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


tsu(poD— <A) 


Port PO input setup time 




160 






ns 


*SU(P1D— <f>) 


Port P1 input setup time 




160 






ns 


tsil(P2D— <6) 


Port P2 input setup time 




160 






ns 


*SU(P3D— <t>) 


Port P3 input setup time 




160 






ns 


*SU(P4D— <f>) 


Port P4 input setup time 




160 






ns 


tsU(P5D— </>) 


Port P5 input setup time 




160 






ns 


*SU(P6D— 0) 


Port P6 input setup time 




160 






ns 


th(<*— POD) 


Port PO input hold time 




40 






ns 


*h(^piD) 


Port P1 input hold time 




40 






ns 


4> — P2D) 


Port P2 input hold time 


Fig 41 


40 






ns 


th(<A-P3D) 


Port P3 input hold time 




40 






ns 


, </> — P4D) 


Port P4 input hold time 




40 






ns 


<P — P5D) 


Port P5 input hold time 




40 






ns 


^h( <t> — P6D) 


Port P6 input hold time 




40 






ns 


t c (X IN ) 


External clock input cycle time 




80 




1000 


ns 


tw(X|NL.) 


External clock input "L" pulse width 




20 






ns 


tw(X|t\|H ) 


External clock input "H" pulse width 




20 






ns 


t r (X, N ) 


External clock rising edge time 








20 


ns 


tf(X IN ) 


External clock falling edge time 








20 


ns 



Master CPU bus interface timing (R and W separation type mode) 

(V CC =5V±10%, V S s=0V, T a =-20 to 85t , unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


tsu(cs— R) 


CS setup time 




0 






ns 


tsu(cs— w) 


CS setup time 




0 






ns 


th(R— cs) 


CS hold time 




0 






ns 


th(w— cs) 


CS hold time 




0 






ns 


tsU(A— R) 


AO setup time 




10 






ns 


tsU(A— W) 


AO setup time 


Fig 42 


10 






ns 


th(R-A) 


AO hold time 




0 






ns 


th(w— A) 


AO hold time 




0 






ns 


tw(R) 


Read pulse width 




120 






ns 


t\A/( W) 


Write pulse width 




120 






ns 


tsil(D— W) 


Date input setup time before write 




50 






ns 


th(w— D) 


Date input hold time after write 




0 






ns 



Master CPU bus interface timing (R/W type mode) 

(V C c=5V±10%, Vss=0V, T a =-20 to85°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


tsu(cs— E) 


CS setup time 




0 






ns 


th(E-cs) 


CS hold time 




0 






ns 


*SU(A— E) 


AO setup time 




10 






ns 


th(E-A) 


AO hold time 




0 






ns 


*SU(RW— E) 


R/W setup time 




0 






ns 


th(E— RW) 


R/W hold time 


Fig 42 


0 






ns 


tw(EL) 


Enable clock "L" pulse width 


120 






ns 


tw(EH) 


Enable clock "H" pulse width 




120 






ns 


l r(E) 


Enable clock rising edge time 








25 


ns 


tf(E) 


Enable clock falling edge time 








25 


ns 


tsU(D — E) 


Data input setup time before write 




50 






ns 


th(E-D) 


Data input hold time after write 




0 






ns 
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Local bus/memory expansion mode, microprocessor mode 

(V C c=5V±10%, V S s=0V, T a =-20 to 85°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


tsu(D— <t>) 


Data input setup time 


Fig 43 


60 






ns 


th(*-D) 


Data input hold time 


0 






ns 


*SU(D— RD) 


Data input setup time 


60 






ns 


th(RD— D) 


Data input hold time 


0 






ns 



ClOCk SynChrOnOUS Serial I/O (Vcc=5V±10%, V ss =0V, T a =-20 to 85°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Wrxd-sclk) 


Serial input setup time 




160 






ns 


^(sclk-Rxd) 


Serial input hold time 




80 






ns 


tr(RxD) 


Serial input rising edge time 








30 


ns 


tf(R X D) 


Serial input falling edge time 








30 


ns 


trOcLK) 


Serial input clock rising edge time 


Fig. 44 






30 


ns 


tfCSCLK) 


Serial input clock falling edge time 








30 


ns 


*C(s C lk) 


Serial input clock period 




640 






ns 


tw(ScLK L ) 


Serial input clock "L" pulse width 




290 






ns 


tw(ScLKH) 


Serial input clock "H" pulse width 




290 






ns 
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SWITCHING CHARACTERISTICS 

POli/Single-Chip mOde (V CC =5V±10%, V ss =0V, T a =-20 to 85"C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ 


Max 


td(<*— POQ) 


Port PO data output delay time 








200 


ns 


td(«4-piQ) 


Port P1 data output delay time 








200 


ns 


t(j(<*— P2Q) 


Port P2 data output delay time 








200 


ns 


4> — P3Q) 


Port P3 data output delay time 








200 


ns 


<t> — P5Q) 


Port P5 data output delay time 








200 


ns 


*d(<*— P6Q) 


Port P6 data output delay time 


Fig 41 






200 


ns 


tc<*> 


Cycle time 




320 




4000 


ns 


tw(0H) 


<t> clock pulse width ("H" level) 




150 






ns 


tw(^L) 


i> clock pulse width ("L" level) 




130 






ns 


*r(<4) 


<t> clock rising edge time 








20 


ns 


tf<*) 


<t> clock falling edge time 








20 


ns 



Master CPU bus interface (R and W separation type mode) 

(V CC =5V±10%, V S s=0V, T a =-20 to 85°C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ 


Max 


ta(R— d) 


Data output enable time after read 


Fig 42 






80 


ns 


W(R — D) 


Data output disable time after read 


0 




30 


ns 


tpLH(R — PR) 


P R dy output transmission time after read 






150 


ns 


tpLH(W— PR) 


Prdy output transmission time after write 






150 


ns 


Master CPU bus interface (R/W type mode) (v cc =5v±io%, v S s=ov, T a =-2o to 85°c, unless otherwise noted) 


Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ 


Max 


ta(E-D) 


Data output enable time after read 


Fig.42 






80 


ns 


tv(E-D) 


Data output disable time after read 


0 




30 


ns 


tpi_H(E— PR) 


Prdy output transmission time after E clock 






150 


ns 



Local bus/memory expansion mode, microprocessor mode 

(V CC =5V±10% > V ss =0V, T a =-20 to 85°C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ 


Max 


td(*-A) 


Address delay time after 4> 


Fig 43 






80 


ns 


tv(0— A) 


Address effective time after <f> 


10 






ns 


tv(RD — A) 


Address effective time after RD 


10 






ns 


tv(WR — A) 


Address effective time after WR 


10 






ns 


-td(^-D) 


Data output delay time after i> 






80 


ns 


td(WR— D) 


Data output delay time after WR 






80 


ns 


W( <P — d) 


Data output effective time after i> 


20 






ns 


W(WR — D) 


Data output effective time after WR 


20 






ns 


td((*— RW) 


R/W delay time after <f> 






80 


ns 


^d( <t> — SYNC) 


SYNC delay time after $ 






80 


ns 


tw(RD) 


RD pulse width 


130 






ns 


t\A/(WR) 


WR pulse width 


130 






ns 


ClOCk SynChrOnOUS Serial I/O (V CC =5V±10%, V ss =0V, T a =-20 to85°C, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ. 


Max. 


tdCSGLK-TxD) 


Serial output delay time 


Fig 44 






100 


ns 


t r(SCLK> 


Serial output clock rising edge time 






30 


ns 




Serial output clock falling edge time 






30 


ns 


^(SCLK) 


Serial output clock period 


640 






ns 


tw(ScLKL) 


Serial output clock "L" pulse width 


290 






ns 


tw(ScLKH) 


Serial output clock "H" pulse width 


290 






ns 



3-100 



MITSUBISHI 
l ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M37451M4-XXXSP/FP/GP,M37451M8-XXXSP/FP/GP 

M37451MC-XXXSP/FP/GP 



SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



TEST CONDITION 

Input voltage level .* V, H 2. 4V 
V IL 0.45V 
Output test level : V OH 2. 0V 
V OL 0.8V 






Fig. 41 



Test circuit in 
single-chip mode 



Fig. 42 Master CPU bus interface 
test circuit 



Fig. 43 Local bus test circuit 




Fig. 44 Serial I/O test circuit 



rrr 
V SS 



RESET 



P0 
P1 
P2 
P3 
P4 
P5 
P6 

CNV S < 

AV SS 

V S s 



V c , 
AV C , 



ADV REF 
DAV ref 

D-A1 
D-A2 
RD 
WF^ 
R/W 
SYNC 
RESETqut 



'cc 
(test point) 

other power 
supply 



> open 



Fig. 45 Ice (at stop mode) test condition 
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SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



TIMING DIAGRAM 

Port/single-chip mode timing diagram 



J 



^2.0 



Port Pi input 



Port Pi output 



td(0-piD) 



tw(X, N H) tw(X, N L) 







n 

tf( X|N )-*- 





*c(<*) 



tw(<*U 



-tf(<6) 



tsU(PID-<») 



r 

^0. 45 



2.0 



th(os-piD) 



Note : V 1H =0. 8V CC) V| L =0. 16V CC of X IN 

Master CPU bus interface/ R and W separation type timing diagram 
Read 



DB 0 -DB 7 



tsU(A-R) 



X2T 
0. 45 



0. 45 



2.4 



tsU(CS-R) th(R-CS) 



tw(R) 



0. 45 



0. 45 



^0.8 



ta(R-D) 



th(R-A) 



0.45 



/IT 



"IW(R-D) 



2.0 



tpLH(R-PR) 
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Write 



AO 



DB 0 — DB 7 



tSLl(A-W) 



0. 45 



0. 45 



tsu(cs-w) th(w-cs: 



tw(w) 



45 



0. 45 



sir 

X0. 45 



^SU(D-W) 



th(w-A) 



jth(w-D) 
■l 2.4 



0. 45 



tpLH(W-PR) 



Master CPU interface/ R/W type timing diagram 



AO 
R/W 



CS 



DB 0 — DB 7 
write 

DB 0 — DB 7 



> 



> 



tw(EL) 



_0«/ 



^SU(A-E) 



0.45 



tsU(CS-E) 



tw(EH) 



- tr(E) 



th(E 



2.0 



ta(E-D) 



tsuCO-E) 



\o. 45 



-tf(E) 



th(E-A) 



KZ 



> 



ty(E-D) 
^h(E — D) 



> 



tpLH(E 
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Local bus timing diagram 



R/W 
SYNC 



A 0 -A 1E 



D 0 -D 7 
CPU read 



D 0 -D 7 
CPU write 



J 



tw(*H) 



td(0-RW) 



X 



*c(<*) 



/ 



*SU(D-^) 



< 



<: 



XZ 



tv(<*-A) 



-th(^-D) 



> 



tv((*-D) 



> 



A 0 — A 1£ 



D 0 -D 7 
CPU read 



WR 



D 0 -D 7 
CPU write 



X 



K 



tw(RD) 



^SU(D-RD) 



/ 



W(RD-A) 



** th(RD-D) 



< : > 



\ 



tw(WR) 



td(WR-D) 



W(WR-A) 



ty(WR-D) 
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Serial I/O timing diagram 



l C(ScLK> 
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DESCRIPTION 

The M37451SSP/FP/GP is a single-chip microcomputer 
designed with CMOS silicon gate technology. It is housed 
in a 64-pin shrink plastic molded DIP or a 0.8mm pitch or 
0.65mm pitch 80-pin plastic molded QFP. In addition to its 
simple instruction sets, the ROM, RAM and I/O addresses 
are placed on the same memory map to enable easy prog- 
ramming. It is suited for office automation equipment and 
control devices. The low power consumption made possible 
by the use of a CMOS process makes it especially suitable 
for battery powered devices requiring low power consump- 
tion. It also has a unique feature that enables it to be used 
as a slave microcomputer. 

M37451 SSP/FP/GP has basically the same functions as 
M37451 M4-XXXSP/FP/GP except the RAM size and the 
fact that these three need external ROM area. 

FEATURES 

• Number of basic instructions 71 

69 MELPS 740 basic instructions +2 multiply/divide in- 
structions 

• Memory size ROM None 

RAM 1024 bytes 

• Instruction execution time 

(minimum instructions at 12.5 MHz frequency) 0.64/; s 

• Single power supply 5V±10% 

• Power dissipation normal operation mode 

(at 12.5MHz frequency) 40mW 

• Subroutine nesting 128 levels max. 

• Interrupt 15 events 

• Master CPU bus interface 1 byte 

• 16-bit timer 3 

• 8-bit timer (Serial I/O use) 1 

• Serial I/O (UART or clock synchronous) 1 

• A-D converter (8-bit resolution) 3 channels (DIP) 

8 channels (QFP) 

• D-A converter (8-bit resolution) 2 channels 

• PWM output with 8-bit prescaler 

(Either resolution 8-bit or 16-bit is software selectable) 1 

• Programmable I/O 

(Ports P3, P5, P6) 24 

• Input (Port P4) 3 (DIP), 8 (QFP) 

• Output (Port D-Al D-A 2 ) 2 



PIN CONFIGURATION (TOP VIEW) 



I/O 
port P3 



I/O 
port P5 



P3 7 /Sr DY ~E 
P36/Sclk — 0! 
P3 5 /TxD [7 
P3 4 /RxD ** [7 
P3 3 /PWM OUT — [I 
P3 2 /EV 3 \± 

PVEV 2 *+E 

P3 0 /EVi <~ [T 
P5 7 /DB 7 ** [][ 
P5 6 /DB 6 ++ [TO 
P5 5 /DB 5 — E 
P5 4 /DB 4 — m 
P5 3 /DB 3 *+ d 
P5 2 /DB 2 +♦ EI 

PSt/DB! *♦> m 

P5 0 /DB 0 *+ EI 
P6 7 /W ** EI 
P6 6 /R ~ EI 
P6 5 /CS EI 
P6 4 /A0 +* n> 

P6 3 /P^~£[ 
P6 2 /INT 3 <~[22 
P6t/INT 2 *+|23 

P6 0 /INTi *+||4 

Read/Write n/ rr7^rr 
status output R/W *- |25 
Synchronous SYNC «- |26 
signal output ZZ 
CNV S s -» H 
Reset input RESET -+ [28 
Clock input X| N ~* H 
Clock output Xqut *~ IH 
Timing output ^ ■«— [31" 

V ss d 



I/O 
port P6 



2 



CO 
CO 



V cc 
U AV SS 
62l^-V REF Reference 
ZZ voltage input 

|-D-A,j D . A 
60] -»> D-A 2 J out P ut 
U*-P4o/AN 0 | 

g-PVA* p n 0 p rt ut p 4 

57|<h-P4 2 /aN 2 | 
H-Ao 
U— A, 

El— A 2 

H— a 3 

U-A 4 
ID—As 

iD— a 6 

49]- A 7 
U— A« 
£l-A 9 
U— A 10 
5H— A„ 

13— a 12 

U-A 13 
U— A 14 

2D-A 16 

40]** D 0 

i]-D 1 

38]^ D 2 

m— D 3 

U— D 5 
Hl-D 6 
33]**D 7 



Address 
bus 



Outline 64P4B 



APPLICATION 

Slave controller for PPCs, facsimiles and page printers 
HDD, optical disk, inverter and industrial motor controllers 
Industrial robots and machines 
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PIN CONFIGURATION (TOP VIEW) 



Z Z Z Z Z Z Z 
<<<<<<< 



P4 0 /AN 0 
D-A 2 
D-At 
DAV REF 
ADV ref 
AV SS 
AVcc 
Vcc 
Vss 
P3//Srdy 

P3 6 /S C LK 

P3 5 /T X D 
P3 4 /R X D 
P3 3 /PWM OU T 
P3 2 /EV 3 
NC 



->1 

-HZ 

[70 

[I 
m 
m 
~e 
-n 
~n 

-[77 
-[78 
-[79 
[80 



2 2 2 2 2 2 2 <?<<<< <* «^<<<<"<c"<<«^ <z 
MM ilitttttttttttttttt 



o 



M37451SFP 



o 



o 



izinniniJi^ 
• m t m m t m m t m m i 1 1 1 i 

Z: J? ~2 -Z> -£> °\^-ICCI<r> <=>\ > . n _ Hn-l/112. m 1- 



► D 0 

- D1 

* D 2 

- D 3 

- D 4 

- D 5 

► D 6 

- D 7 

Vss 

► 4> 

NC 

* X 0 UT 
" X| N 

NC 
" RESET 

- CNVss 



MM 



! > > to oq oq id m o to ml^lSE |« 2 

a - a -Q-Q_Q_Q_Q_Q_Q_Q_ "~ CO 



18 ?l Jill 



Outline 80P6N 



[<<<<<<<< 



P4 2 /AN 2 
P4 1 /AN 1 
P4 0 /AN 0 - 
D-A 2 
D-At < 
DAV REF - 
ADVref - 
AV SS 
AV CC 
Vcc 
Vss 
P3 7 /Srdy - 

P3 6 /S C LK - 

P3 5 /T X D « 
P3 4 /R X D * 
P3 3 /PWM OU T - 
P3 2 /EV 3 . 
NC 
NC 
P3!/EV 2 . 



i 1 1 1 i t t t t t t t t t t t t t t t 

[6lfl[59jf58lf57lf56lf55lf^^ 



-( o 



M37451SGP 



O 



o 



40]— ► 



Ai 5 
NC 

Do 
Di 
D 2 
D 3 
D 4 
D 5 
* D 6 

- D 7 
Vss 

NC 
► X 0 UT 

- X|N 

NC 

RESET 
CNVss 
RESETout 
SYNC 



nniiiHUHtntiH 

> cfiTcff cff off cff rn'mcfl^'Sgg S| SjT^Jn:|Q|£ 

LUQQQQQQQQ ^^S^^J^Z Z zl> |CC 
of £ of &f ^ £of ^ ^ of £ 



Outline 80P6S 



NC : No connection 
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M37451SSP BLOCK DIAGRAM 



Clock Clock Timing 
input output output 

X|N XoUT ^ 

®" <§h- 



Reset 
input 
RESET 



R/W SYNC V cc V ss 

@ 



Data bus 



Clock generating circuit 



RAM 

1024 
bytes 



Program 
counter 
PC H (8) 



Program 
counter 

PC L (8) 



8-bit 
arithmetic 
logic unit 



Accumu- 
lator 

A (8) 



register 
PS 



Index 
register 

X(8) 



Index 
register 

Y(8) 



Stack 
pointer 
S(8) 



Multiplier 
/divider 



wit irirrr im 





Timer 1 




(16) 



Timer2 

(If 



Timer 3 

oe) 



Pulse width 
modulator 



Timer 1 latch 

(16) 



Timer 2 latcht; 



(16) 



Timer 3 latch 

(16) 



Instruction 
register 



H 



Instruction 
decoder 



Control signal 




I/O port P6 



I/O port P5 



Input port P4 D_A 2 D_A i | /0 por t P3 |/q port P2 Data bus 



Address bus 



00 

■ 

00 



o 
3 
o 



o 

SO 

o 
o 
o 

s 



2 3 

S3 » 

(n = 

(ft 
(ft 

"0 

■n 



o 

o 
o 
o 

3 
"0 



M37451SFP BLOCK DIAGRAM 



Clock Clock Timing 
input output output 

X|N XoUT 



Reset Reset 
input output 



RESET RESETout WR RD R/W SYNC 

" 




I/O port P6 



■ /AVss 

I/O port P5 / ADV REF |n P ut P° rt P4 dav Ref 
AVcc 



I/O port P3 



Data bus 



Address bus 



00 

i 

n 

H 
O 

S 
o 

CO 



o 

o 
o 
o 
S 

C 
H 

m 



2 ?! 

w § 

01 - 

</> o 

\ o 

^ I 
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M37451SGP BLOCK DIAGRAM 



Clock Clock Timing 
input output output 

X| N X 0 UT 5* 

— ¥— 



Reset 
input 



Reset 
output 



RESET RESETqut WR RD R/W SYNC 

^— ^ 0^) — (^) — — (^) 



Vcc V ss V ss 



I 



Clock generating circuit 



RAM 

1024 
bytes 

3 





Program 


Program 


counter 


counter 


PC H (8) 


PC L (8j 



8-bit 
arithmetic 
logic unit 



Accumu- 
lator 
Af8) 


Processor 
status 
register 

PS (8) 


Index 
register 

X'8) 


Index 
register 
Y(8) 


Stack 
pointer 

S(8) 


Multiplier 
/divider 



Timer 1 

(16) 



IE 



Timer2 

05) 



EV3 
T3 



IE 



Timer 3 

06) 



Pulse width 
modulator 



Timer 1 latch 

06) 



Timer 2 latch C 

06) 



Timer 3 latch 

06) 



— \ Instruction 
register 



Instruction 
decoder 



-J Control signal 




I/O port P6 



I/O port P5 /AVDref input port P4 / D " A 2 I/O port P3 
AV CC K DAV REF 



Address bus 
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■ 
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O 
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o 
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FUNCTIONS OF M37451 SSP/FP/GP 



Parameter 


Functions 


Number of basic instructions 


71(69 MELPS 740 basic mstructions+2) 


Instruction execution time 


0 64/zs(minimum instructions, at 12 5MHz frequency) 


Clock frequency 


12 5MHz(max ) 


RAM size 


M37451 SSP/FP/GP 


1024 bytes 


Input/Output port 


P3, P5, P6 


I/O 


8-bitX3 


P4 


Input 


3-bitXl(8-bitXl for 80-pin model) 


D-A 


Output 


2-bitXl 


Serial I/O 


UAP.T or clock synchronous 


Timers 


16-bit timerX3, 

8-bit timer( serial I/O baud rate generator) X1 


A-D converter 


8-bitX3 channels(8 channels for 80-pin model) 


D-A converter 


8-bitX2 channels 


Pulse width modulator(with 8-bit*prescaler) 


8-bit or 16-bitX1 


Data bus buffer 


1-byte input and output each 


Subroutine nesting 


128-levels (max ) 


Interrupt 


6 external interrupts, 8 internal interrupts, 1 software interrupt 


Clock generating circuit 


Built-in( ceramic or quarts crystal oscillator) 


Supply voltage 


5V±10% 


Power dissipation 


40mW(at 12 5MHz frequency) 


Input/Output characters 


Input/Output voltage 


5V 


Output current 


±5mA(max ) 


Operating temperature range 


-20 to 85 °C 


Device structure 


CMOS silicon gate 


Package 


M37451SSP 


64-pin shrink plastic molded DIP 


M37451SFP 


80-pin plastic molded QFP(0 8mm pitch) 


M37451SGP 


80-pm plastic molded QFP(0 65mm pitch) 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc. 
Vss 


Supply voltage 




Power supply inputs 5V±10% to V cc , and OV to V ss 


CNVss 


CNVss 


Input 


This is connected to V C c 


RESET 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 8 clock cycles (under nor- 
mal V C c conditions) If more time is needed for the crystal oscillator to stabilize, this "L" condition should 
be maintained for the required time 




Clock input 


Input 


This chip has an internal clock generating circuit To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the X| N and Xout pms If an external clock is used, the clock 
source should be connected to the X )N pin and the X 0 ut pm should be left open 


XoUT 


Clock output 


Output 


<t> 


Timing output 


Output 


Normally outputs signal consisting of oscillating frequency divided by four 


SYNC 


Synchronous signal 
output 


Output 


This signal is output "H" during operation code fetch and is used to control single stepping of programs 


R/W 


Read/Write 
status output 


Output 


This signal determines the direction of the data bus It is "H" during read and "L" during write 


A 0 -A 15 


Address bus 


Output 


This is 16-bit address bus 


D0-D7 


Data bus 


I/O 


This is 8-bit data bus 


P3 0 -P3 7 


Input/Output port P3 


I/O 


Port P3 is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programed as 
input or output The output structure is CMOS output Serial I/O, PWM output, or even I/O function can be 
selected with a program 


P4 0 -P4 2 
(P4 0 -P4 7 ) 


Input port P4 


Input 


Analog input pin for the A-D converter The 64-pin model has three pins and the 80-pin model has eight 
pins They may also be used as digital input pins 


P5 0 -P5 7 


Input/Output port P5 


I/O 


An 8-bit input/output port with the same function as P3 This port functions as an 8-bit data bus for the mas- 
ter CPU when slave mode is selected with a program 


P6 0 -P6 7 


Input/Output port P6 


I/O 


An 8-bit input/output port with the same function as P3 Pins P63-P67 change to a control bus for the master 
CPU when slave mode is selected with a program Pins P6o-P6 2 may be programmed as external interrupt 
input pins 


D-A 1f D-A 2 


D-A output 


Output 


Analog signal from D-A converter is output 


V REF 


Reference voltage 
input 


Input 


Reference voltage input pin for A-D and D-A converter This pin is for 64-pin model only 


ADV REF 


A-D reference voltage 
input 


Input 


Reference voltage input pin for A-D converter This pin is for 80-pin model only 


DAV REF 


D-A reference voltage 
input 


Input 


Reference voltage input pin for D-A converter This pin is for 80-pin model only 


AV SS 


Analog power supply 




Ground level input pin for A-D and D-A converter Same voltage as Vss is applied 


AVcc 


Analog power supply 




Power supply input pin for A-D converter This pin is for 80-pin model only Same voltage as V C cis applied 
In the case of the 64-pin model AV C c is connected to V C c internally 


RD 


Read signal output 


Output 


Control signal output as active "L" when valid data is read from data bus This pin is for 80-pin model only 


VVR 


Write signal output 


Output 


Control signal output as active "L" when writing data from data bus to external component This pin is for 
80-pin model only 


RESETqut 


Reset output 


Output 


Control signal output as active "H" during reset It is used as a reset output signal for peripheral compo- 
nents This pin is for 80-pin model only 
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BASIC FUNCTION BLOCKS 

The differences between M37451 M4-XXXSP/FP/GP and 
M37451 SSP/FP/GP are noted below. Other functions are 
the same as M37451 M4-XXXSP/FP/GP in microprocessor 
mode. 

MEMORY 

• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 

• RAM 

RAM is used for data storage as well as a stack area. 



• Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 
(This area must be located in ROM area) 

• Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with only 2 bytes, 

• Special Page 

Special page addressing mode is useful because it en- , 
ables access to this area with only 2 bytes. 



( oooo, 6 



RAM (192 bytes) I 



K 00BF 16 



I 



RAM (832 bytes) 



0OD6 16 



0100 16 



043F 16 



FF00 16 



> Zero page 



SFR area 
(Fig 2) 



1 



FFE0 16 | \ 

Interrupt vector area 
FFFF 16 I I 



> Special page 



Fig. 1 Memory map 
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OOD616 


P3 register 


00EB 16 


PWM register (low-order) 


0OD7 16 


P3 directional register 


00EC 16 


PWM register (high-order) 


OOD816 


P4 register/PWM prescaler latch 


00ED 16 


Timer 1 control register 


0OD9 16 


Additional function register 


00EE 16 


Timer 2 control register 


0ODA 16 


P5 register 


00EF 16 


Timer 3 control register 


0ODB 16 


P5 directional register 


00F0 16 


Timer 1 register (low-order) 


OODC16 


P6 register 


00F1 16 


Timer 1 register (high-order) 


OODD16 


P6 directional register 


00F2 16 


Timer 1 latch (low-order) 


00DE 16 


MISRG1 


00F3 16 


Timer 1 latch (high-order) 


00DF 16 


MISRG2 


00F4 16 


Timer 2 register (low-order) 


00E0 16 


D-A1 register 


00F5 16 


Timer 2 register (high-order) 


00E1 16 


D-A2 register 


00F6 16 


Timer 2 latch (low-order) 


00E2 16 


A-D register 


00F7 16 


Timer 2 latch (high-order) 


00E3 16 


A-D control register 


00F8 16 


Timer 3 register (low-order) 


O0E4 16 


Data bus buffer register 


00F9 16 


Timer 3 register (high-order) 


00E5 16 


Data bus buffer status register 


00FA 16 


Timer 3 latch (low-order) 


00E6 16 


Receive/transmit buffer register 


00FB 16 


Timer 3 latch (high-order) 


O0E7 16 


Serial I/O status register 


00FC 16 


Interrupt request register 1 


00E8 16 


Serial I/O control register 


00FD 16 


Interrupt request register 2 


00E9 16 


UART control register 


00FE 16 


Interrupt control register 1 


00EA 16 


Baud rate generator 


00FF 16 


Interrupt control register 2 



Fig. 2 SFR (Special Function Register) memory map 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to Vss 
Output transistors are 
at "OFF" state 


-0. 3 to 7 


V 


V, 


Input voltage RESET, X, N 


—0. 3 to 7 


V 


v, 


Input voltage D 0 -D 7 , P3 0 -P3 7 , P4 0 -P4 7l 
P5 0 -P5 7 , P6 0 -P6 7 , ADV REF , 
DAV ref , V REF) AVcc 


—0. 3 to Vcc+0. 3 


V 


v, 


Input voltage CNV S s 


-0.3 to 13 


V 


Vo 


Output voltage A 0 -A 15 , D 0 -D 7 , P3 0 -P3 7 , 
P5 0 -P5 7l P6 0 -P6 7> Xout. 
<f>, RD, WR, R/W, RESETqut, SYNC 


—0. 3 to Vcc+0. 3 


V 


Pd 


Power dissipation 


T a = 25°C 


1000 (Note 1) 


mW 


Topr 


Operating temperature 




-20 to 85 


°C 


Tstg 


Storage temperature 




-40 to 125 


°C 



Note 1 : 500mW for QFP type 



RECOMMENDED OPERATING CONDITIONS 

(V CC =5V±10%, Ta=-20 to85°C unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


Vss 


Supply voltage 




0 




V 


V, H 


"H" input voltage RESET, X jN , CNV SS (Notel) 


0. 8V CC 




Vcc 


V 


V, H 


"H" input voltage D 0 -D 7 , P3 0 -P3 7 , P4 0 -P4 7 , 

P5 0 -P5 7 , P6 0 -P6 7 (except Note 1 ) 


2.0 




Vcc 


V 


V IL 


"L" input voltage CNV SS (Note 1 ) 


0 




0. 2V CC 


V 


V IL 


"L" input voltage D 0 -D 7 , P3 0 -P3 7 , P4 0 -P4 7> 

P5 0 -P5 7l P6 0 -P6 7 (except Note 1 ) 


o- 




0.8 


V 


V,l 


"L" input voltage RESET 


0 




0. 12V CC 


V 


V, L 


"L" input voltage X| N 


0 




0. 16V CC 


V 


'oL(peak) 


"L" peak output current A 0 -A 15 , D 0 -D 7 , 

P3 0 -P3 7 , P5 0 -P5 7 , 
P60-P67 






10 


mA 


'oL(avg) 


"L" average output current A 0 -A 15 , D 0 -D 7 , 

P3 0 -P3 7 , P5 0 -P5 7 , 
P6 0 -P6 7 (Note 2) 






5 


mA 


'oH(peak) 


"H" peak output current A 0 -A 15 , D 0 -D 7 , 

P3 0 -P3 7 , P5 0 -P5 7 , 
P6 0 -P6 7 






-10 


mA 


'oH(avg) 


"H" average output current A 0 -A 15 , D 0 -D 7> 

P3 0 -P3 7 , P5 0 -P5 7 , 
P60-P67 (Note 2) 






-5 


mA 


f(x IN ) 


Clock oscillating frequency 


1 




12.5 


MHz 



Note 1 : Ports operate as INT 1 -INT 3 (P6 0 -P6 2 ), Ey^EM 3 {P^Q-PZ 2 ), R X D(P3 4 ) and S C lk(P3 6 ) 

2 : The average output current l 0 H(avg) and louavg) a r © the average value during a 100ms 

3 : The total of "L" output current l 0 i_(peak) o f port P3, P5, P6, R/W, SYNC, RESET OU t. RD, WR and 

4> is less than 40mA _ 

The total of "H" output current l 0 H(peak) of port P3, P5, P6, R/W, SYNC, RESET OUT , RD, WR and 
<t> is less than 40mA 



3-115 



MITSUBISHI MICROCOMPUTERS 

M37451SSP/FP/GP 



8-BIT CMOS MICROCOMPUTER 



ELECTRICAL CHARACTERISTICS (Vcc = 5V±10%, V ss = OV, T a = -20 to 85 0 C, f(X, N ) = 12. 5MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ. 


Max 


Voh 


"H" output voltage RD, WR, R/W, SYNC, RESETout, 4> 


Ioh=— 2mA 


Vcc-1 






V 


Voh 


"H" output voltage A 0 -A 15( D 0 -D 7 , P3 0 -P3 7 , 
P5 0 -P5 7 , P60-P67 


Ioh^— 5mA 


Vcc-1 






V 


Vol 


"L" output voltage A 0 -A 15 , D 0 -D 7l P3 0 -P3 7 , 

P5 0 -P5 7l P6 0 -P6 7 , RD, WR, 
R/W, SYNC, RESETout- 4> 


l 0L =2mA 






0. 45 


V 


Vol 


"L" output voltage A 0 -A 15 , D 0 -D 7l P3 0 -P3 7 , 
P5 0 -P5 7 , P6 0 -P6 7 


Iol— 5mA 






1 


V 


V T +-V T _ 


Hystensis IN^-INTa^-Pea), EV^EVaCPSo-PSj), 
RxD(P3 4 ),Sclk(P3 6 ) 


Function input level 


0.3 




1 


V 


V t +-V t - 


Hysterisis RESET 








0.7 


V 


V t +-V t - 


Hysterisis X| N 




0.1 




0.5 


V 


I.l 


"L" input current D 0 -D 7 , P3 0 -P3 7 , P4 0 -P4 7 , 

P5 0 -P5 7 , P6 0 -P6 7 , RESET, X, N 


V|=V SS 


-5 




5 


juA 


I.H 


"H" input current D 0 -D 7 , P3 0 -P3 7 , P4 0 -P4 7 , 

P5 0 -P5 7 , P6 0 -P6 7 , RESET, X, N 


V,=V CC 


-5 




5 


juA 


Vram 


RAM retention voltage 


At stop mode 


2 






V 


'cc 


Supply current 


At system operation 
f(X, N )=12.5MHz 




8 


15 


mA 


At stop mode (Note 1 ) 




1 


10 


U A 



Note 1 The terminals RD, WR, R/W, SYNC, RESETout. 0. D-Ai and D-A 2 are all open The other ports, which are in the input mode, are connected 
to V S s A-D converter is in the A-D completion state The current through ADV REF and DAV REF is not mcluded(Fig.7) 

A-D CONVERTER CHARACTERISTICS 

(V cc = AV CC = 5V± 10%, V ss = AV SS = 0V, T a = — 20 to 85°C , f(X, N ) = 12. 5MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 




Resolution 








8 


Bits 




Absolute accuracy 


V cc =AVcc=ADV REF =5V±10% 




±1.5 


±3 


LSB 


tcONV 


Conversion time 








49 


t c (0) 


V, A 


Analog input voltage 




AVss 




AVcc 


V 


Vadvref 


Reference input voltage 




2 




Vcc 


V 


Rladder 


Ladder resistance value 


ADV REF =5V 


20 


35 


50 


kO 


'lADVREF 


Reference input current 


ADV REF =5V 


0.1 


0. 14 


0. 25 


mA 


Vavcc 


Analog power supply input voltage 






Vcc 




V 


Vavss 


Analog power supply input voltage 






0 




V 


D-A CONVERTER CHARACTERISTICS (Vcc - 5V ±10%, V ss = AV SS = OV, T a = -20 to 85°C, unless otherwise noted) 


Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min. 


Typ 


Max 




Resolution 








8 


Bits 




Absolute accuracy 


V cc = DAV REF =5V± 1 0% 






1.0 


% 


tsu 


Setup time 








3 


us 


Ro 


Output resistance 




1 


2 


4 


kn 


Vavss 


Analog power supply input voltage 






0 




V 


Vqavref 


Reference input voltage 




4 




Vcc 


V 


1 DAVREF 


Reference power input current 




0 


5 


10 


mA 
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TIMING REQUIREMENTS 

Port (V CC =5V±10%, V ss =0V, T a =-20 to 85°C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ 


Max 


tsu(P3D— <t>) 


Port P3 input setup time 




160 






ns 


tsu(P4D— <t>) 


Port P4 input setup time 




160 






ns 


tsU(P5D— 4>) 


Port P5 input setup time 




160 






ns 


tsU(P6D— <*) 


Port P6 input setup time 




160 






ns 


th(<ft-P3D) 


Port P3 input hold time 




40 






ns 


thCs*— P4D) 


Port P4 input hold time 




40 






ns 


th(0— P5D) 


Port P5 input hold time 


Fig 3 


40 






ns 


th(<*-P6D) 


Port P6 input hold time 




40 






ns 


tc(X IN ) 


External clock input cycle time 




80 




1000 


ns 


tw(X|NL) 


External clock input "L" pulse width 




20 






ns 


tw(X||s|H) 


External clock input "H" pulse width 




20 






ns 


t r (x, N ) 


External clock rising edge time 








20 


ns 


tf(X 1N ) 


External clock falling edge time 








20 


ns 



Master CPU bus interface timing (R and W separation type mode) 

(V CC =5V±10%, V ss =0V, T a =-20 to 85°C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ 


Max 


tsu(cs— R) 


CS setup time 




0 






ns 


tsu(cs— w) 


CS setup time 




0 






ns 


th(R— cs) 


CS hold time 




0 






ns 


th(w— cs) 


CS hold time 




0 






ns 


tsu(A— R) 


AO setup time 




10 






ns 


tstl(A— W) 


AO setup time 


Fig 4 


10 






ns 


th(R-A) 


AO hold time 




0 






ns 


th(w— A) 


AO hold time 




0 






ns 


tw(R) 


Read pulse width 




120 






ns 


tw(w) 


Write pulse width 




120 






ns 


tsil(D — W) 


Date input setup time before write 




50 






ns 


th(w— D) 


Date input hold time after write 




0 






ns 



Master CPU bus interface timing (R/W type mode) 

(V C c=5V±10%, V ss =0V, T a =-20 to 85°C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ 


Max 


tsu(cs— E) 


CS setup time 




0 






ns 


th(E-cs) 


CS hold time 




0 






ns 


tsil(A— E) 


AO setup time 




10 






ns 


th(E-A) 


AO hold time 




0 






ns 


tsU(RW— E) 


R/W setup time 




0 






ns 


th(E— RW) 


R/W hold time 


Fig 4 


0 






ns 


tw(EL) 


Enable clock "L" pulse width 


120 






ns 


tw(EH) 


Enable clock "H" pulse width 




120 






ns 


*r(E) 


Enable clock rising edge time 








25 


ns 


tf(E) 


Enable clock falling edge time 








25 


ns 


*SU(D — E) 


Data input setup time before write 




50 






ns 


th(E-D) 


Data input nold time after write 




0 






ns 
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Local bus/Memory expansion mode, Microprocessor mode 

(V CC =5V±10%, Vss = =0V, T a =-20 to 85°C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min 


Typ 


Max 


tsu(D-^) 


Data input setup time 


Fig 5 


60 






ns 


th(^-D) 


Data input hold time 


0 






ns 


*SU(D — RD) 


Data input setup time 


60 






ns 


th(RD— D) 


Data input hold time 


0 






ns 


ClOCk SynChrOnOUS Serial I/O (V CC =5V±10%, Vss=0V,T a =-20 to 85°C, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


tsU(R X D-S C u K ) 


Serial input setup time 


Fig 6 


160 






ns 


th(S CLK -R x D) 


Serial input hold time 


80 






ns 


tr(R x o) 


Serial input rising edge time 






30 


ns 


tf(R X D) 


Serial input falling edge time 






30 


ns 


tr(s CLK ) 


Serial input clock rising edge time 






30 


ns 


^(.Sclk) 


Serial input clock falling edge time 






30 


ns 


^(Sck) 


Serial input clock period 


640 






ns 


tw(S C LK>-) 


Serial input clock "L" pulse width 


290 






ns 


tw(S CLK H) 


Serial input clock "H" pulse width 


290 






ns 



SWITCHING CHARACTERISTICS 

POll (V OC =5V±10%, V ss =0V, T a =-20 to 85*C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ 


Max 


td(<4— P3Q) 


Port P3 data output delay time 








200 


ns 


td(0-P5Q) 


Port P5 data output delay time 








200 


ns 


td(0— P6Q) 


Port P6 data output delay time 








200 


ns 




Cycle time 


Fig 3 


320 




4000 


ns 


tw(<*H) 


<t> clock pulse width ("H" level) 


150 






ns 


tw(0L) 


0 clock pulse width ("L" level) 




130 






ns 


W) 


<f> clock rising edge time 








20 


ns 


tf(«A) 


<f> clock falling edge time 








20 


ns 
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Master CPU bus interface (R and W separation type mode) 

(V C c=5V±10%, V ss =0V, T a =— 20 to 85°C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min 


Typ 


Max 


*a(R— d) 


Data output enable time after read 


Fig 4 






80 


ns 


tv(R— D) 


Data output disable time after read 


0 




30 


ns 


tpi_H(R— PR) 


Prdy output transmission time after read 






150 


ns 


tpLH(W — PR) 


Prdy output transmission time after write 






150 


ns 


Master CPU bus interface (R/W type mode) (v cc =5v±io%, v ss =ov, T a =-2oto85°c, unless otherwise noted) 


Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ 


Max 


ta(E-D) 


Data output enable time after read 


Fig 4 






80 


ns 


tv(E-D) 


Data output disable time after read 


0 




30 


ns 


tpi_H(E— PR) 


Prdy output transmission time after E clock 






150 


ns 


Local bus/Memory expansion mode, microprocessor mode 

(V CC =5V±10%, V ss =0V, T a =-20 to 85°C, unless otherwise noted) 


Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ 


Max 


tdU-A) 


Address delay time after <f> 


Fig 5 






80 


ns 


W( <i> — a) 


Address effective time after <f> 


10 






ns 


tv(RD — A) 


Address effective time after RD 


10 






ns 


W(WR-A) 


Address effective time after WR 


10 






ns 


td(0— D) 


Data output delay time after 4> 






80 


ns 


td(WR— D) 


Data output delay time after WR 






80 


ns 


W( <t> — D) 


Data output effective time after <f> 


20 






ns 


W(WR — D) 


Data output effective time after WR 


20 






ns 


*du— RW) 


R/W delay time after <f> 






80 


ns 


*d(0— SYNC) 


SYNC delay time after 4> 






80 


ns 


t\A/(RD) 


RD pulse width 


130 






ns 


tw(WR) 


WR pulse width 


130 






ns 


ClOCk SynChrOnOUS Serial I/O (V CC =5V±10%, V ss =0V, T a =-20 to85°C, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


^(Sclk-TxD) 


Serial output delay time 


Fig 6 






100 


ns 


tr(s CLK ) 


Serial output clock rising edge time 






30 


ns 


tf(s CLK ) 


Serial output clock falling edge time 






30 


ns 


x c(s CLK ) 


Serial output clock period 


640 






ns 


tw(ScLKL) 


Serial output clock "L" pulse width 


290 






ns 


tw(ScLKH) 


Serial output clock "H" pulse width 


290 






ns 
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TEST CONDITION 

Input voltage level : V, H 2. 4V 
V, L 0.45V 
Output test level : V OH 2. 0V 
Vol 0.8V 






Fig. 3 Port test circuit 



Fig. 4 Master CPU bus interface 
test circuit 



Fig. 5 Local bus test circuit 




Fig. 6 Serial I/O test circuit 



Vcc-G- 



open or no 
output current 



Vcc or V ss — 



-e- 



Tfr 

Vss 





Vcc 


RESET 


A 


AV CC 


D 


ADV REF 




DAV REF 


P3 


D-A1 


P4 


D-A2 


P5 


RD 


P6 


WR 


CNVss 


R/W 


AV SS 


SYNC 


V ss 


RESETqut 




Xqut 



Vcc 

V Ice 



(test point) 

other power 
supply 

-e- 



open or no output 
current 



Fig. 7 Ice (at stop mode) test condition 
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TIMING DIAGRAM 

Port/single-chip mode timing diagram 



t C ( X|N ) 


tw(X| N H) 


tw(X, N L) 










MM/ 


[ \ 

tf(x, N ) -*■ 


n 









tc(*) 



J 



Port Pi input 



Port Pi output 



2.0 



*wUh) 



Io\ * 

\0.8 



> 



tsU(PID-tf) 



td(^-PiD) 



/\2± 



2.0 



- W) 



*h(^-piD) 



Note : V IH =0. 8V CC , V, L =0. 16V CC of X, N 

Master CPU bus interface/ R and W separation type timing diagram 
Read 



AO 



CS 



DB 0 -DB 7 



X 



2.4 

0. 45 



tsu(cs-R) th(R-cs) 



\p. 45 0. 45 J 



tw(R) 



< 



2.0 
0.8 



th(R-A) 



2.4 



> 



2.0 



0.8 

tv(R-D) 



tpLH(R-PR) 



^y f 2.0 
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Write 



DB 0 -DB 7 



X 



'tsu(A— w) 



2.4 
0. 45 



0.45 



th(w-A) 



tsu(cs-w) th(w-cs) 



tw(w) 



0. 45 



0. 45- 



*SU(D— W) 



th(W-D) 

/0. 45 



tpLH(W-PR) 



Master CPU interface/ R/W type timing diagram 



AO 
R/W 

CS 



DB 0 — DB 7 
write 

DB 0 -DB 7 



W(EI 



X 



tsU(A-E) 



2.4 
0.45 



045^ 



- t r ( E ) 



tw(EH) 



th(E-cs) - 



*a(E-D) 



L8\ 



2.4 
0.45 



■ tf(E) 



th(E-A) 



xz 



W(E-D) 
*h(E-D) 



> 



tpLH(E-PR) 
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Local bus timing diagram 



R/W 
SYNC 



A 0 — Au 



D 0 -D 7 
CPU read 



D0-D7 
CPU write 



J 



*W(*H) 



td(# 



tec?*) 



\ 



tf(9» 



/ 



tsU(D-(4) 



W) 



XZ 



th(*-D) 



> 



t V ((6-D) 



> 



A 0 — A 15 



D 0 -D 7 
CPU read 



D 0 -D 7 
CPU write 



X 



\ 



*W(R 



X 



< 



tsUCD-RD) 



tv(RD— A) 



— | ^h(RD-D) 



> 



*W(WR) 



/ 



td(WR-D) 



W(WR-A) 



< > 



ty(WR-D) 
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Clock synchronous serial I/O timing diagram 



^(Sclk) 



T X D 
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EXTENDED OPERATING TEMPERATURE VERSION of M37450M4-XXXSP 



DESCRIPTION 

The M37450M4TXXXSP/J is a single-chip microcomputer 
designed with CMOS sillicon gate technology. It is housed 
in a 64-pin shrink plastic molded DIP or an 84-pin plastic 
molded QFJ (PLCC). 

In addition to its simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

It is suited for office automation equipment and control de- 
vices The low power consumption made by the use of a 
CMOS process makes it especially suitable for battery po- 
wered devices requiring low power consumption. It also 
has a unique feature that enables it to be used as a slave 
microcomputer. 

The differences between the M37450M4TXXXSP/J and the 
M37450M4-XXXSP/FP are some electrical characteristics, 
the expansion of operating temperature range, and the 
package. 

The number of analog input pins for the 84-pin PLCC (J 
version) is different from the 64-pin model (SP version). In 
addition, the 84-pin model has special pins for RD, WR, 
RESETout. DAV REF , ADV ref , AV cc and the 64-pin model 
has a special V rep pin. 

FEATURES 

• Number of basic instructions 71 

69 MELPS 740 basic instructions+2 multiply/divide 
instructions 

• Memory size 

ROM 8192 bytes 

RAM 256 bytes 

• Instruction execution time 

(minimum instructions at 10MHz frequency) 0.8//S 

• Single power supply 5V±10% 

• Power dissipation normal operation mode 

(at 10MHz frequency) 30mW 

• Subroutine nesting 96 levels max 

• Interrupt 15 events 

• Master CPU interface 1 byte 

• 16-bit timer • 3 

• 8-bit timer (Serial I/O use) 1 

• Serial I/O (UART or clock synchronous) 1 

• A-D converter (8-bit resolution) 3 channels (DIP) 

8 channels (QFJ) 

• D-A converter (8-bit resolution) 2 channels 

• PWM output (8 bit or 16 bit) 1 

• Programmable I/O ports 

(Ports P0, P1, P2, P3, P5, P6) 48 

• Input port (Port P4) 3(DIP), 8(QFJ) 

• Output ports (Ports D-A^ D-A 2 ) 2 

APPLICATION 

Slave controller for PPCs, facsimiles, and page printers. 
HDD, optical disk, inverter, and industrial motor controllers. 
Industrial robots and machines. 



PIN CONFIGURATION (TOP VIEW) 



I/O port 
P3^ 



I/O port 
P5 



p37/Srdy Ll 

P3 6 /S C lk~GL 
P3 5 /TxD |T 
P3 4 /RxD [T 
P3 3 /PWMout~E 
P3 2 /EV 3 **E 
P3 1 /EV 2 ^[7 
PSq/EVt *+|T 
P5 7 /DB 7 ^[T 
P5 6 /DB 6 ~[[0 
P5 5 /DB 5 ~[TT 
P5 4 /DB 4 «-[T2 
P5 3 /DB 3 «-[l3 
P5 2 /DB 2 [ft 

P5 0 /DB 0 ^[ll 
P67/W Q7 
P6 6 /R ++ 01 
P6 5 /CS~HI 
P64/AO |o 
P6 3 /FW~III 
P6 2 /INT 3 ^H 
P6T/INT2+*!! 
P60/INT! ++[24 

Read/Write r/\/\/ «- [25 

status output ' 

Synchronous SYNC +- 

signal output CNV ss -> [27 

Reset input RESET — [28 

Clock input Xin — H 

Clock output Xout *~ Hi 

V ss l 



I/O port 
P6 



Timing output 




Reference voltage 
input 

- D-A output 



Input port P4 



> I/O port PO 



I/O port P1 



• I/O port P2 



Outline 64P4B 



lu a. cc i- co |w 



Si t z z z 
- «,< < ^ 

a.O.ZZCLQ.Q.Q.Q.Q.>><<<QQQaQ.CL 

\ ! t t t I t t t t I 1 M i 




133] 13&J I3j6j |3SJ l30j f^Oj f^lj |43j tfl&I l^Sj l&Ol f&lj l&^J l&^J 

lift til t t t M I i t \ \ 



« b 8l!r. ° ° - 



c\T cn? eg eg c\? ^ J? 
0.0.0.0.0.0.0.0. £ £ 



Outline 84P0 



NC .' No connection 
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M37450M4TXXXJ BLOCK DIAGRAM 



Clock Clock Timing 
input output output 

X| N Xout 0 

— @_ — @ qp — 



Reset Reset 
input output 
RESET RESETq 



WR RD R/W SYNC 



Vcc v ss 
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I/O port P1 



I/O port PO 



-® — 

CNV SS 



m 
x 

H 

m 
z 

Q 

m 
a 

o 
■o 

m 

30 
> 
H 

Z 

O 



m 
3 

m 
so 
> 

H 
C 

m 

< 
m 

(0 



S 

en 
o 

3 

■ 

x 

X 
X 

til 

"0 



M37450M4TXXXSP BLOCK DIAGRAM 
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I/O port P6 
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I/O port P5 V REF Input port P4 D-A 2 



I/O port P3 



I/O port P2 
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EXTENDED OPERATING TEMPERATURE VERSION of M374S0M4-XXXSP 



FUNCTIONS OF M37450M4TXXXSP/J 



Parameter 


Functions 


Number of basic instructions 


71(69 MELPS 740 basic instructions+2) 


Instruction execution time 


0 8ms (minimum instructions, at 10MHz of frequency) 


Clock frequency 


10MHz (max ) 


Memory size 


ROM 


8192 bytes 


RAM 


256 bytes 


Input/Output ports 


P0-P3, P5, P6 


I/O 


8-bitX6 


P4 


Input 


3-bitX1 (8-bitX1 for84-pin model) 


D-A 


Output 


2-brtX 1 


Serial I/O 


UART or clock synchronous 


Timers 


16-bit timerX3, 

8-bit timer (serial I/O baud rate generator) X1 


A-D converter 


8-bitX3 channels (8 channels for 84-pin model) 


D-A converter 


8-bitX2 channels 


Pulse width modulator 


8-bit or 16-bitX1 


Data bus buffer 


1-byte input and output each 


Subroutine nesting 


96-levels (max ) 


Interrupt 


6 external interrupts, 8 internal interrupts 
1 software interrupt 


Clock generating circuit 


Built-in (ceramic or quarts crystal oscillator) 


Supply voltage 


5V±10% 


Power dissipation 


30mW (at 10MHz frequency) 


Input/Output characters 


Input/Output voltage 


5V 


Output current 


±5mA (max.) 


Memory expansion 


Possible 


Operating temperature range 


-40 to 85°C 


Device structure 


CMOS silicon gate 


Package 


M37450M4TXXXSP 


64-pin shrink plastic molded DIP 


M37450M4TXXXJ 


84-pin plastic molded QFJ (PLCC) 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc, 
V ss 


Supply voltage 




Power supply inputs 5V±10% to V C c. and OV to V ss 


CNVss 


CNVss 




Controls the processor mode of the chip Normally connected to V S s or V C c 


RESET 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 8 clock cycles (under nor- 
mal V C c conditions) If more time is needed for the crystal oscillator to stabilize, this "L" condition should 
be maintained for the required time 




Clock input 


Input 


This chip has an internal clock generating circuit To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the X !N and X 0 ut pins If an external clock is used, the clock 
source should be connected to the X iN pin and the X 0 ut pm should be left open. 


XoUT 


Clock output 


Output 


4> 


Timing output 


Output 


Outputs signal consisting of oscillating frequency divided by four 


SYNC 


Synchronous 
signal output 


Output 


This signal is output "H" during operation code fetch and is used to control single stepping of programs 


R/W 


Read/Write 
status output 


Output 


This signal determines the direction of the data bus It is "H" during read and "L" during write 


P0 o -P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output The output structure is CMOS output The low-order bits of the address are output except 
in single-chip mode 


PI0-PI7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO The high-order bits of the 
address are output except in single-chip mode 


P2 0 -P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO Used as data bus except in 
single-chip mode 


P3 0 -P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO Serial I/O, PWM output, or 
event I/O function can be selected with a program 


P4 0 -P4 2 
(P4 0 -P4 7 ) 


Input port P4 


Input 


Analog input pin for the A-D converter The 64-pin model has three pins and the 84-pin model has eight 
pins They may also be used as digital input pins 


P5 0 -P5 7 


I/O port P5 


I/O 


Port P5 is an 8-bit I/O port and has basically the same functions as port PO This port functions as an 8-bit 
data bus for the master CPU when slave mode is selected with a program 


P6 0 -P6 7 


I/O port P6 


I/O 


Port P6 is an 8-bit I/O port and has basically the same function as port PO Pins P6 3 to P67 change to a con- 
trol bus for the master CPU when slave mode is selected with a program Pins P6 0 to P6 2 may be program- 
med as external interrupt input pins 


D-A,, D-A 2 


D-A output 


Output 


Analog signal from D-A converter is output 


V REF 


Reference voltage 
input 


Input 


Reference voltage input pin for A-D and D-A converter This pin is for 64-pin model only 


ADV ref 


A-D reference 
voltage input 


Input 


Reference voltage input pin for A-D converter This pin is for 84-pin model only 


DAV REF 


D-A reference 
voltage input 


Input 


Reference voltage input pin for D-A converter This pin is for 84-pin model only 


AV SS 


Analog power supply 




Ground level input pin for A-D and D-A converter Same voltage as V S s is applied 


AVcc 


Analog power supply 




Power supply input pin for A-D converter This pin is for 84-pin model only Same voltage as Vcc is applied 
In the case of the 64-pin model, AV C c is connected to V C c internally 


RD 


Read signal 
output 


Output 


Control signal output as active "L" when valid data is read from data bus This pin is for 84-pin model only 


WR 


Write signal 
output 


Output 


Control signal output as active "L" when writing data from data bus to external component This pin is for 
84-pin model only 


RESETqut 


Reset output 


Output 


Control signal output as active "H" during reset It is used as a reset output signal for peripheral compo- 
nents This pin is for 84-pin model only 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s 
Output transistors are 
at "off" state 


-0. 3 to 7 


V 


V, 


Input voltage X )N , RESET 


-0. 3 to 7 


V 


V, 


Input voltage P0 0 -P0 7 , PI0-PI7. P2 0 -P2 7 , 
P3 0 -P3 7) P4 0 -P4 7l P5 0 -P5 7j 
P6 0 -P6 7) ADV REF , DAVref, 
Vref, AV cc 


—0. 3 to Vcc+0. 3 


V 


v, 


Input voltage CNV S s 


-0.3 to 13 


V 


V 0 


Output voltage P0 0 -P0 7 , PI0-PI7, P2 0 -P2 7 , 

P3 0 -P3 7 , P5 0 -P5 7l P6 0 -P6 7 , X 0U t- <f> 
R/W, RD, WR, SYNC, RESET 0U t 


—0. 3 to Vcc+0. 3 


V 


Pd 


Power dissipation 


T a = 25°C 


1000 


mW 


Topr 


Operating temperature 




-40 to 85 


°C 


Tstg 


Storag e te m p e ratu re 




-65 to 150 


°C 



RECOMMENDED OPERATING CONDITIONS 

(V OC =5V±10%, Ta=-40 to 85'C unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


V SS 


Supply voltage 




0 




V 


V,H 


"H" input voltage RESET, X, N , CNV ss (Notel) 


0. 8V CC 




Vcc 


V 


V, H 


"H" input voltage P0 0 -P0 7 , PI0-PI7, P2 0 -P2 7> 
P3 0 -P3 7 , P4 0 -P4 7 , P5 0 -P5 7 , 
P6 0 -P6 7 

(expect Note 1) 


2.0 




Vcc 


V 


V, L 


"L" input voltage CNV SS (Note 1 ) 


0 




0. 2V CC 


V 


V,l 


"L" input voltage P0 0 -P0 7l P1 0 -P17> P2 0 -P2 7 , 
P3 0 -P3 7) P4 0 -P4 7> P5 0 -P5 7j 
P6 0 -P6 7 

(expect Note 1 ) 


0 




0.8 


V 


V, L 


"L" input voltage RESET 


0 




0. 12V CC 


V 


V, L 


"L" input voltage Xin 


0 




0. 16V CC 


V 


'oL(peak) 


"L" peak output current P0 0 -P0 7 , P1 0 -P1 7 , 
P2 0 -P2 7 , P3 0 -P3 7 , 
P5 0 -P5 7 , P6 0 -P6 7 






10 


mA 


'oL(avg) 


"L" average output current POo-P0 7 , P1 0 -P1 7 , 
P2 0 -P2 7 , P3 0 -P3 7 , 
P5 0 -P5 7 , P6 0 -P6 7 (Note 2) 






5 


mA 


'oH(peak) 


"H" peak output current P0 0 -P0 7 , P1 0 -P1 7 , 
P2 0 -P2 7 , P3 0 -P3 7 , 
P5 0 -P5 7 , P6 0 -P6 7 






-10 


mA 


'oH(avg) 


"H" average output current P0 0 -P0 7 , P1 0 -P1 7 , 
P2 0 -P2 7 , P3 0 -P3 7 , 
P5 0 -P5 7 , P6 0 -P6 7 (Note 2) 






-5 


mA 


f(x IN ) 


Internal clock oscillating frequency 


1 




10 


MHz 



Note 1 : Ports operating as special function pins INT 1 -INT 3 (P6 0 -P62), EV 1 -EV 3 (P3o-P3 2 ), R X D(P3 4 ), 
Sclk(P36) 

2 • iouavg) ar, d 'oH(avg) are the average current in 100ms. 

3 : The total of l OL of Port P0, P1 and P2_should be 40mA (max_) 

The total of l OL of Port P3, P5, P6, R/W, SYNC, RESET OUT , RD, WR and 4> should be 40mA (max ) 
The total of l OH of Port P0, P1, and P2should be 40mA (max_)^ 

The total of l OH of Port P3, P5, P6, R/W, SYNC, RESET ou t. RD. WR, and 4> should be 40mA (max ) 
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ELECTRIC CHARACTERISTICS (v cc =5v±io%, v ss = o v, T a =-4o to 85°c, f(x IN )=iOMHz) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ. 


Max. 


Voh 


"H" output voltage RD, WR, R/W, SYNC, RESET 0U t, <t> 


Ioh =— 2 mA 


Vcc-1 






V 


Vqh 


"H" output voltage P0 o -P0 7 , PI0-PI7, P2 0 -P2 7 , 
P3 0 -P3 7 , P5 0 -P5 7 , P6 0 -P6 7 


Ioh — ~ 5 mA 


Vcc— 1 






V 


Vol 


"L" output voltage P0 0 -P0 7 , PI0-PI7, P2 0 -P2 7 , 
P3 0 -P3 7 , P5 0 -P5 7 , P6 0 -P6 7 , 
RD, WR, R/W, SYNC, RESET 0U t, <f> 


Iol =2 mA 






0. 45 


V 


Vol 


"L" output voltage PO0-PQ7, PI0-PI7. P2 0 -P2 7 , 
P3 0 -P3 7 , P5 0 -P5 7 , P6 0 -P6 7 


Iol =5 mA 






1 


V 


V t + - V T - 


Hysteresis INT 1 -INT 3 (P6 0 -P3 2 ), EV 1 -EV 3 (P3 0 -P3 2 ), 
R X D(P3 4 ), S CL k(P3 6 ) 


Function input level 


0.3 




1 


V 


v T + - v T _ 


Hysteresis RESET 








0.7 


V 


v T + - V T - 


Hysteresis Xin 




0. 1 




0.5 


V 


I.L 


"L" input current P0 0 -P0 7 , PI0-PI7, P2 0 -P2 7 , 
P3 0 -P3 7 , P4 0 -P4 7 , P5 0 -P5 7 , 
P6 0 -P6 7 , RESET, X, N 


V, =V SS 


-5 




5 


ma 


llH 


"H" input current P0 0 -P0 7 , PI0-PI7, P2 0 -P2 7 , 
P3 0 -P3 7 , P4 0 -P4 7 , P5 0 -P5 7 , 
P6 0 -P6 7 , RESET, X, N 


V, =V CC 


-5 




5 




Vram 


RAM retention voltage 


At stop mode 


2 






V 


'cc 


Supply current 


f(X, N ) = 10MHz 

At system operation / 




6 


15 


mA 


At stop mode 
(Note!) 




1 


10 


/uA 



Note 1 : The terminals RD, WR, SYNC, R/W, RESET OU t, <f>, D-Ai and D-A 2 are all open The other ports, which are in the input mode, are connected to 
V S s A-D converter is in the A-D completion state The current through ADV REF and DAV REF is not included (Fig 4) 



A-D CONVERTER CHARACTERISTICS 

(V 0C =AV CC = 5V±10%, Vss=AV ss =0V, T a =-40 to 8513, f(X, N )=10MHz unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit ' 


Min 


Typ 


Max 




Resolution 








8 


Bits 




Absolute accuracy 


V C c=AVcc=ADV R ef=5V±10% 




±1.5 


±3 


LSFJ 


tcorw 


Conversion time 








49 


tcU) 


V, A 


Analog input voltage 




AV SS 




AVcc 


V 


Vadvref 


Reference input voltage 




2 




Vcc 


V 


Rladder 


Ladder resistance value 


ADV REF = 5 V 


2 


7.5 


10 


ka 


'lADVREF 


Reference input current 


ADV REF -5V 


0.5 


0.7 


2.5 


mA 


Vavcc 


Analog power supply input voltage 






V cc 




V 


Vavss 


Analog power supply input voltage 






0 




V 


D-A CONVERTER CHARACTERISTICS (V CC = 5 V±10%, V ss =AV S s= 0 V, T a =-40 to 85°C unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 




Resolution 








8 


Bits 




Full scale deviation 


Vcc=DAV REF =5V 






1.0 


% 


*su 


Set time 








3 


JUS 


Ro 


Output resistance 




1 


2 


4 


ka 


Vavss 


Analog power supply input voltage 






0 




V 


Vdavref 


Reference input voltage 




4 




Vcc 


V 


1 DAVREF 


Reference power input current (Each pin) 




0 


2.5 


5 


mA 
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TIMING REQUIREMENTS 

POlt/Single-Chip mode (V CC =5V±10%, V ss =0V, T a =-40 to 85°C, unless otherwise noted) 



Symbol 


Parameter 




Limits 


Unit 


i est conoition 


Min. 


Typ 


Max. 


tsiKPOD— <f>) 


Port PO input setup time 




200 






ns 


*SU(P1D— <t>) 


Port P1 input setup time 




200 






ns 


tsu(P2D— </>) 


Port P2 input setup time 




200 






ns 


tsU(P3D— <t>) 


Port P3 input setup time 




200 






ns 


*SU(P4D— <f>) 


Port P4 input setup time 




200 






ns 


*SU(P5D— 4>) 


Port P5 input setup time 




200 






ns 


*SU(P6D— <f>) 


Port P6 input setup time 




200 






ns 


*h(0— POD) 


Port PO input hold time 




40 






ns 


*h(<*— pid) 


Port P1 input hold time 




40 






ns 


th(*— P2D) 


Port P2 input hold time 


Fig.1 


40 






ns 


th(0— P3D) 


Port P3 input hold time 




40 






ns 


th(<*— P4D) 


Port P4 input hold time 




40 






ns 


*h(<*— P5D) 


Port P5 input hold time 




40 






ns 


thU— P6D) 


Port P6 input hold time 




40 






ns 


tc(X, N ) 


External clock input cycle time 




100 




1000 


ns 


tw(XiNL) 


External clock input "L" pulse width 




30 






ns 


tw(X| N H) 


External clock input "H" pulse width 




30 






ns 


t r (X, N ) 


External clock rising edge time 








20 


ns 


tf(X, N ) 


External clock falling edge time 








20 


ns 


Master CPU bus interface timing (R and W separation type mode) 

(V C c=5V±10%, V ss =0V ( T a =-40 to85°C, unless otherwise noted) 


Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min. 


Typ 


Max 


*su(cs— R) 


CS setup time 




0 






ns 


tsu(cs— w) 


CS setup time 




0 






ns 


th(R— CS) 


CS hold time 




0 






ns 


th(w-cs) 


CS hold time 




0 






ns 


tsu(A-R) 


AO setup time 




40 






ns 


*SU(A— W) 


AO setup time 


Fig 2 


40 






ns 


th(R-A) 


AO hold time 




10 






ns 


th(w-A) 


AO hold time 




10 






ns 


tw(R) 


Read pulse width 




160 






ns 


tw(w) 


Write pulse width 




160 






ns 


tsu(D— W) 


Date input setup time before write 




100 






ns 


th(w— D) 


Date input hold time after write 




10 






ns 


Master CPU bus interface timing (R/W type mode) 

(V CC =5V±10%, V ss =0V, T a =-40 to 85°C, unless otherwise noted) 


Symbol 


Parameter 


Test condition 


Limits 




Mm 


Typ 


Max 


Unit 


*su(cs— E) 


CS setup time 




0 






ns 


th(E-cs) 


CS hold time 




0 






ns 


tsU(A-E) 


AO setup time 




40 






ns 


th(E-A) 


AO hold time 




10 






ns 


*SU(RW— E) 


R/W setup time 




40 






ns 


th(E— RW) 


R/W hold time 




10 






ns 


tw(EL) 


Enable clock "L" pulse width 


Fig 2 


160 






ns 


*W(EH) 


Enable clock "H" pulse width 




160 






ns 


*r(E) 


Enable clock rising edge time 








25 


ns 


tf(E) 


Enable clock falling edge time 








25 


ns 


tsU(D— E) 


Data input setup time before write 




100 






ns 


th(E-D) 


Data input hold time after write 




10 






ns 
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Local bus/memory expansion mode, microprocessor mode 

(V CC =5V±10%, V ss =0V, T a =-40 to85°C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min 


Typ. 


Max 


^SU( D — <f>) 


Data input setup time 


Fig 3 


130 






ns 


th(^-D) 


Data input hold time 


0 






ns 


*SU(D— RD) 


Data input setup time 


130 






ns 


th(RD— D) 


Data input hold time 


0 






ns 
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SWITCHING CHARACTERISTICS 

POll/Single-Chip mode (V C c=5V±10%, V ss =0V, T a =-40 to 85°C, unless otherwise noted) 



Symbol 


Parameter 


T©st condition 


Limits 


Unit 


Min 


Typ 


Max 


td(5*— POQ) 


Port PO data output delay time 


Fig.3 






200 


ns 


*d(0— piq) 


Port P1 data output delay time 






200 


ns 


td(0-P2Q) 


Port P2 data output delay time 






200 


ns 


td(<4— P3Q) 


Port P3 data output delay time 






200 


ns 


td(<4— P5Q) 


Port P5 data output delay time 






200 


ns 


td(«>— P6Q) 


Port P6 data output delay time 






200 


ns 


*C(0) 


Cycle time 


400 




4000 


ns 


tw(<6H) 


<f> clock pulse width ("H" level) 


190 






ns 


*W(<6L) 


<f> clock pulse width ("L" level) 


170 






ns 


W) 


0 clock rising edge time 






20 


ns 


*f(*) 


<t> clock falling edge time 






20 


ns 


Master CPU bus interface (R and W separation type mode) 

(V CC =5V±10%, V ss =0V, T a =-40 to 85°C, unless otherwise noted) 


Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ 


Max 


*a(R— d) 


Data output enable time after read 


Fig.4 






120 


ns 


W(R— D) 


Data output disable time after read 


10 




85 


ns 


tpi_H(R— PR) 


Prdy output transmission time after read 






150 


ns 


tpi_H(W— PR) 


Prdy output transmission time after write 






150 


ns 


Master CPU bus interface (R/W type mode) (v cc =5v±io%, v ss =ov, T a =-4o to 85°c, unless otherwise noted) 


Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ 


Max 


ta(E-D) 


Data output enable tirne after read 


Fig 4 






120 . 


ns 


tv(E-D) 


Data output disable time after read 


10 




85 


ns 


tpi_H(E— PR) 


Prdy output transmission time after E clock 






150 


ns 


Local bus/memory expansion mode, microprocessor mode 

(Vcc=5V±10%, V ss =0V, T a =-40 to 85°C, unless otherwise noted) 


Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ. 


Max 


*d(<*-A) 


Address delay time after <f> 


Fig.40 






150 


ns 


W( <t> — A) 


Address effective time after <f> 


10 






ns 


W(RD— A) 


Address effective time after RD 


10 






ns 


W(WR— A) 


Address effective time after WR 


10 






ns 


*d(^-D) 


Data output delay time after <f> 






160 


ns 


*d(WR— D) 


Data output delay time after WR 






160 


ns 


W( <f> — D) 


Data output effective time after <f> 


20 






ns 


*V(WR— D) 


Data output effective time after WR 


20 






ns 


*d(<A— RW) 


R/W delay time after ^ 






150 


ns 


td(0— SYNC) 


SYNC delay time after <t> 






150 


ns 


tw(RD) 


RD pulse width 


170 






ns 


tw(WR) 


WR pulse width 


170 






ns 
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TEST CONDITION 

Input voltage level : V !H 2. 4V 
V| L 0.45V 
Output test level : V OH 2. 0V 
Vol 0.8V 






Fig. 1 



Test circuit in 
single-chip mode 



Fig. 2 



Master CPU bus interface 
test circuit 



Fig. 3 Local bus test circuit 



-e- 



-e- 



RESET 



PO 
P1 
P2 
P3 
P4 
P5 
P6 

CNV S! 

AV SS 

V ss 



V CC 
AVcc 



ADV REF 
DAV REF 

D-A1 
D-A2 
RD 
WR 
R/W 
SYNC 
RESETqut 



'cc 

(test point) 

other power 
supply 

-e- 



Fig. 4 l cc (at stop mode) test condition 
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TIMING DIAGRAM 

Port/single-chip mode timing diagram 

*c(x, N ) 



*W(X| N H) tw(X, N L) 



X, N 1 












tf(x IN ) 


n 









Port Pi input 



Port Pi output 



ZO^ 



tw(i*H) 



" tf(*) 



> 



tsU(PID-(*) 



3rfl45 



2.0 



2.4 
0. 45 



td(»-pjp) 



th((*-piD) 



Note : V,H=0.8V C c, V IL =0.16V CC of X irg 



Master CPU bus interface/ R and W separation type timing diagram 
Read 

tsU(A-R) 



DB0-DB7 



0. 45 



0. 45 



2.4 



tsu(cs-R) th(R-cs) 



^0.45 0. 45 3 <? 



ta(R-D) 



tyy(R) 



{2.C 
0.8 



l h(R-A) 



2.< 
0.4 



> 2.0 
0.8 



W(R-D) 



/2.0 



tpLH(R-PR) 
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Write 



AO 



CS 



DB 0 -DB 7 



tsUCA-W) 



X— 
0. 45 



tsu(cs-w) th( W - 



tw(w) 



T7\ flA 
\ 0. 45 0. 45/ 



X0. 45 



tsil(D-W) 



th(w-A) 



0. 45^ ^V 



;^0. 45 



*h(w-D) 



7^ 



tpLH(W-PR) 



Master CPU interface/ R/W type timing diagram 



tw(EL) 



AO 
R/W 



CS 



read 

DB 0 -DB 7 



write 
DB0-DB7 



\p-45 



> 



> 



:.4 
1.45 



*SU(CS-E) 



*W(EH) 



2.4 



- *r(E) 



*h(E- 



taCE-D) 



2.0/ 
0.8\ 



*SU(D- 



0. 45 



tf(E) 



th(E-A) 



WfE-D) 
th(E-D) 



> 



I" 



tpLH(E— PR) 
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Local bus timing diagram 



R/W 
SYNC 



A 0 -A ie 



D 0 -D 7 
CPU read 



D 0 -D 7 
CPU write 



J 



tw(0H) 



tcl(<*-RW) 



X 



t<ft*-A) 



x 



\ 



tw(^L) 



/ 



- tf(rf) 



tsil(D-<0 



< 



tdu-D) 



< 



xz 



W(<*-A) 



-*h(*-D) 



> 



> 



tv(^-D) 



A 0 -A 1£ 



D 0 -D 7 
CPU read 



D 0 -D 7 
CPU write 



X 



K 



1 



*W(RD) 



^SUCd-rd) 



W(WR) 



td(WR-D) 



/ 



~* th(RD-D) 



< : > 



ty(RD— a) 



W(WR-A) 



< > 



W(WR— D) 
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DESCRIPTION 

The M37451 M4DXXXSP/FP is a single-chip microcomputer 
designed with CMOS sillicon gate technology. It is housed 
in a 64-pin shrink plastic molded DIP or an 80-pin plastic 
molded QFP (0.8mm-pitch). 

In addition to its simple instruction sets, the ROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

It is suited for office automation equipment and control de- 
vices. The low power consumption made by the use of a 
CMOS process makes it especially suitable for battery po- 
wered devices requiring low power consumption. It also 
has a unique feature that enables it to be used as a slave 
microcomputer. 

Apart from the expansion in operating temperature range 
and consequent differences in electrical characteristics 
(Note), functions are the same as those of the M37451M4- 
XXXSP/FP. 

The differences between the M37451 M4DXXXSP/FP and 
M37451 M8DXXXSP/FP are as shown below. 



Type name 


ROM size 


RAM size 


M37451 M4DXXXSP/FP 


8192 bytes 


256 bytes 


M37451 M8DXXXSP/FP 


16384 bytes 


384 bytes 



The number of analog input pins for the 80-pin model (FP 
version) is different from the 64-pin model (SP version) In 
addition, the 80-pin model has special pins for RD, WR, 
RESETqut. DAV REF , ADV ref , AV cc and the 64-pin model 
has a special 

Vref pin. 

Note ' The maximum value of supply current is 20mA. 

All other values are the same as that of M37451 M4- 
XXXSP/FP. 



PIN CONFIGURATION (TOP VIEW) 

63] 



I/O port 
P3 



I/O port 
P5 



I/O port 
P6 



Read/Write 
status output 
Synchronous 



P3 7 /Srdy "* 
P36/Sclk ■* 
P3 5 /TxD * 
P3 4 /RxD * 
P3 3 /PWM OU T « 
P3 2 /EV 3 « 
P3i/EV 2 + 

P5 7 /DB 7 + 
P5 6 /DB 6 <• 
P5 5 /DB 5 « 
P5 4 /DB 4 <• 
P5 3 /DB 3 <- 
P5 2 /DB 2 <• 
P5T/DB! <• 
P5 0 /DB 0 « 
P6 7 /W * 
P6 6 /R < 
P6 5 /CS « 
P6 4 /A0 < 
P6 3 /Prdy "* 
P6 2 /INT 3 « 
P6{/\m 2 < 
PMNT, < 
R/W< 
SYNC « 



signal output CNV< 
Reset input 
Clock input 
Clock output 
Timing output 



RESET - 

XoilT * 




Reference voltage 
Vref input 



\ D-A output 



Input port P4 



I/O port P0 



I/O port P1 



I/O port P2 



Outline 64P4B 



FEATURES 

• Number of basic instructions 71 

69 MELPS 740 basic instructions+2 multiply/divide 
instructions 

• Instruction execution time 

(minimum instructions at 12.5MHz frequency) 0.64// s 

• Single power supply 5V±10% 

• Power dissipation normal operation mode 

(at 12.5MHz frequency) 40mW 

• Subroutine nesting 96 levels max. 

• Interrupt 15 events 

• Master CPU interface 1 byte 

• 16-bit timer 3 

• 8-bit timer (Serial I/O use) 1 

• Serial I/O (UART or clock synchronous) 1 

• A-D converter (8-bit resolution) 3 channels (DIP) 

8 channels (QFP) 

• D-A converter (8-bit resolution) 2 channels 

• PWM output with 8-bit prescaler 

(Either resolutipn 8 bit or 16 bit is software selectable) ••• 1 



• Programmable I/O ports 

(Ports P0, P1, P2, P3, P5, P6) 48 

• Input port (Port P4) 3(DIP), 8(QFP) 

• Output ports (Ports D-A 1f D-A 2 ) ••••2 

• Operating temperature —40 to 85°C 

APPLICATION 

Industrial machinery 
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PIN CONFIGURATION (TOP VIEW) 



:<<<<<<< 



P4 0 /AN 0 




D-A 2 




D-A, 




DAVref 


— *■ [68 


ADV REF 




AV SS 


m 


AV CC 


m 


Vcc 


m 


Vss 


m 


P3 7 /Srdy 




P3 6 /S C lk 


~[75 


P3 5 /TxD 


-[* 


P3 4 /RxD 


~[77 


P3 3 /PWM 0 ut 


~[78 


P3 2 /EV 3 


~n 

[80 


NC 



\T N N N N N '-J 

Ol 0. 0. 0- 0. 0. Q. 

iiiiinttnnnnnnn 

[67][ii][ii1[i?1[iol[iil[i8l[i7lR[ii1R[ii|[ii][^ 



o 



M37451 M4DXXXFP 
or 

M37451 M8DXXXFP 



o 



o 



1 * 1 1 I K 1 1 H M n 1 1 I u 1 1 1 1 

^ > > CD CQ 03 ID CD CD CD CD^ xln <| Q I—* I— 1 
ZuJUJQQQQQQQQ^ 2 2 

^^^^^^^^""^""or? °- CO £P *^ 
wnioifiioioiomioio"- Q-Q-cococo 
0-CLQ.a.Q.a.Q.cLCLa. ggS 





P2 0 /D 0 




P2i/D! 


u~ 


P2 2 /D 2 




P2 3 /D 3 


u- 


P2 4 /D 4 




P2 5 /D 5 


u~ 


P2 6 /D 6 


u~ 


P2 7 /D 7 


u 


Vss 


n— 


<t> 


m 


NC 




XoUT 




X|N 


u 


NC 


u- 


RESET 




CNVss 



^ DC >- I- 

CO HI 

CD CO 



Outline 80 P6N NC : No connection 
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DESCRIPTION 

The M37450PSS is an EPROM mounted-type micro- 
computer employing a silicon gate CMOS process and was 
designed for developing programs for single-chip, 8-bit mi- 
crocomputers M37450M2-XXXSP, M37450M4-XXXSP and 
M37450M8-XXXSP. The M37450PSS, being housed in a 
piggyback-type 64-pin shrink DIP, is compatible with the 
M37450M2-XXXSP, M37450M4-XXXSP and M37450M8- 
XXXSP. 

There is a 28-pin socket on the upper surface so that the 
M5M27C256K-12 or the M5M27C256K-15 EPROM may be 
used. 

The M37450PSS simplifies the development of programs 
for the M37450M2-XXXSP, M37450M4-XXXSP and M37450 
M8-XXXSP and is excellent for making prototypes. 



FEATURES 

• Differences with the M37450M2-XXXSP, M37450M4- 
XXXSP and M37450M8-XXXSP are: 

(1) ROMIess, EPROM is attached externally. 

(2) Suitable EPROM is M5M27C256K-1 2, M5M27C256K 
-15. 

APPLICATION 

Development of programs for the following systems; 

• Slave controller for PPCs, facsimiles, and page printers 

• HDD, optical disk, inverter, and industrial motor control- 
lers 

• Industrial robots and machines 



PIN CONFIGURATION (TOP VIEW) 



I/O port P3 



I/O port P5 



I/O port P6 



Read/Write status output 
Synchronous signal output 



P3 7 /S RD y " 
P36/Sclk " 
P3 5 /T X D - 
P3 4 /R X D - 
P3 3 /PWM OU t< 
P3 2 /EV 3 « 
P3 1 /EV 2 ^ 
P3 0 /EVi < 
P5 7 /DB 7 « 
P5 6 /DB 6 - 
P5 5 /DB 5 « 
P5 4 /DB 4 « 
P5 3 /DB 3 - 
P5 2 /DB 2 « 
PSi/DB! - 
P5 0 /DB 0 - 
P6 7 /W - 
P6 6 /R - 
P6 5 /CS - 
P64/A0 - 
P6 3 /Prdy " 
P6 2 /INT 3 - 
P6 : /\NT 2 ' 
PSo/INTt • 
R/W- 
SYNC « 
CNVss" 



Reset input 
Clock input 
Clock output 
Timing output 



RESET - 

XoUT "* 



i © 



► D} 

►E 
►E 
►E 
►E 
►E 
►E 
►E 
►E 
►E 

►E 

►in 

►E 
►E 
►E 
►E 
►E 
►E 
►E 

► I20 

►HE 

► [22 

► [23 



m l 



28-pin socket for EPROM 



Vcc 

A12 

A 7 

A 6 

A 5 

A 4 

A 3 

A 2 

A1 

A 0 

Do 

D1 

D 2 



Vcc ( 

A 14 ( 

A13 ( 

A 8 ( 

Ag ( 

An ( 

V S s < 

A10 < 

V S s ( 

D 7 ( 

D 6 ( 

D 5 ( 

D 4 ( 



' V ss D 3 ( 



M37450PSS 



64] 



Vcc 
AV SS 

-v REF 

► D-A 2 

- P4 0 /AN 0 

- P4 1 /AN 1 

- P4 2 /AN 2 

► P0 0 /A 0 

► Pd/A, 

► P0 2 /A 2 

► P0 3 /A 3 

► P0 4 /A 4 

► P0 5 /A 5 

► P0 6 /A 6 

► P0 7 /A 7 
"PVAa 

► P1i/A 9 
►PI2/A10 
"PI3/A11 
" PI4/A12 
►PVA13 

► P1 6 /Ai4 
►P1 7 /A 15 

► P2 0 /D 0 

- P2 1 /D 1 

► P2 2 /D 2 

► P2 3 /D 3 

- P2 4 /D 4 
" P2 5 /D 5 

► P2 6 /D 6 

► P2 7 /D 7 



Relerence voltage input 
D-A output 

Input port P4 



I/O port PO 



I/O port P1 



I/O port P2 



Outline 64S1M 



The symbol "O" indicates sockets for EPROM 
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PIN DESCRIPTION 



Pin 


Name 


Output 


Functions 


Vcc, 
\/ 

V SS 


Supply voltage 




Power supply inputs 5V±10% to V C c and OV to V S s 


vlN v SS 


CNVss 




Controls th© processor mod© of th© chip Normslly conn©ct©d to Vss or Vcc 


RESET 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 8 clock cycles (under nor- 
m3l Vcc conditions) 

If more time is needed for the crystal oscillator to stabillize, this "L" condition should be maintained for the 
required time 




Clock input 


Input 


These are I/O pins of internal clock generating circuit for main clock To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the X tN and X 0 ut pms If an external 
clock is used, the clock source should be connected to the X| N pin and the X 0 ut pm should be left open 


XoUT 


Clock output 


Output 




Timing output 


Output 


Outputs signal consisting of oscillating frequency divided by four 


SYNC 


Synchronous signal 
output 


Output 


This signal is output "H" during operation code fetch and is used to control single stepping of programs 


R/W 


neau/ write 
status output 


Hi if i-m if 

uuiput 


This signal determines the direction of the data bus It is "H" during read and "L" during write 


pn pn 


i/u port rl) 




Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programed as 
input or output The output structure is CMOS output The low-order bits of the address are output except 
in single-chip mode 


P10-P17 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same function as port PO The high-order bits of the 
address are output except in single-chip mode 


P2 0 -P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same function as PO Used as data bus except in single- 
chip mode 


P3 0 -P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same function as PO Serial I/O, PWM output, or even I/O 
function csn b© s©l©ct©d with 3 procjrsm 


P4 0 -P4 2 


Input port P4 


Input 


Analog input pin for the A-D converter They may also be used as digital input pins 


P5 0 -P5 7 


I/O port P5 


I/O 


Port P5 is an 8-bit I/O port and has basically the same function as PO This port functions as an 8-bit data 
bus for the master CPU when slave mode is selected with a program 


pr pa 

rDo-rD7 


l/U pon rD 




Port P6 is an 8-bit I/O port and has basically the same function as PO / Pins P63 to P67 change to control bus 
for the master CPU when slave mode is selected with a program Pins P60 to P62 may be programed as 
©xt©rnsl interrupt input pins 


D-A,, D-A 2 


D-A output 


Output 


Analog signal from D-A converter is output 


Vref 


Refference voltage 
input 


Input 


Reference voltage input pin for A-D and D-A converter 


AV SS 


Analog power supply 




Ground level input pin for A-D and D-A converter 


A 0 -A 14 


Output port A 


Output 


Port A outputs the adresses to the EPROM mounted on the top of the package 


D 0 -D 7 


Input port D 


Input 


Port D takes the input data from the EPROM mounted on the top of the package 
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EXPLANATION OF FUNCTION BLOCK 
OPERATION 

The differences between the M37450PSS and the M37450M2 
-XXXSP, M37450M4-XXXSP and M37450M8-XXXSP are ex- 
plained below. As all other points are the same, only the 
differences are explained. 



MEMORY 

Instead of an internal ROM, an EPROM is mounted. The 
addresses of EPROM are 8000 16 to FFFF 16 , having 32K 
bytes. Internal RAMs are provided from 0000 16 to 00BF 16 
(192 bytes) and from 0100 16 to 01FF 16 (256 bytes) for a 
total of 448 bytes. However, the 64-byte area from 01C0 16 
to 01FF 16 cannot be used when creating masked ROM. The 
rest of the functions are equivalent to the M37450M2- 
XXXSP, M37450M4-XXXSP and M37450M8-XXXSP 



RAM 

(192 bytes) 



RAM 

(256 bytes) 



0000 1( 



00BF 16 



0100 16 



01 BF 1( 



External ROM 
(32K bytes) 



8000,, 



FF00 1f 



FFE0 1( 
FFFF 1( 



SFR area 



disabled 



Not used 



Interrupt vector area 



Zero page 



Special 
page 



Fig. 1 Memory map 



A MITSUBISHI 
ELECTRIC 
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00D0 16 


Port PO register 


00E8 16 


Serial I/O control register 




00D1 16 


Port PO directional register 


00E9 16 


UART control register 




00D2 16 


Port P1 register 


00EA 16 


Baud rate generator 




0OD3 16 


Port P1 directional register 


00EB 16 


PWM register (lower-byte) 




00D4 16 


Port P2 register 


00EC 16 


PWM register (higher-byte) 




00D5 16 


Port P2 directional register 


00ED 16 


Timer 1 control register 




O0D6 16 


Port P3 register 


00EE 16 


Timer 2 control register 




0OD7 16 


Port P3 directional register 


00EF 16 


Timer 3 control register 




00D8 16 


Port P4 


0QF0 16 


Timer 1 register (lower-byte) 




00D9 16 


Reserved 


00F1 16 


Timer 1 register (higher-byte) 




00DA 16 


Port P5 register 


~ 00F2 16 


Timer 1 latch (lower-byte) 




00DB 16 


Port P5 directional register 


00F3 16 


Timer 1 latch (higher-byte) 




00DC 16 


Port P6 register 


00F4 16 


Timer 2 register (lower-byte) 




00DD 16 


Port P6 directional register 


00F5 16 


Timer 2 register (higher-byte) 




00DE 16 


MISRG1 


00F6 16 


Timer 2 latch (lower-byte) 




00DF 16 


MISRG2 


00F7 16 


Timer 2 latch (higher-byte) 




00E0 16 


D-A1 register 


00F8 16 


Timer 3 register (lower-byte) 




00E1 16 


D-A2 register 


00F9 16 


Timer 3 register (higher-byte) 




00E2 16 


A-D register 


00FA 16 


Timer 3 latch (lower-byte) 




00E3 16 


A-D control register 


00FB 16 


Timer 3 latch (higher-byte) 




00E4 16 


Data bus buffer register 


00FC 16 


Interrupt request register 1 




00E5 16 


Data bus buffer status register 


00FD 16 


Interrupt request register 2 




00E6 16 


Receive/transfer buffer register 


00FE 16 


Interrupt control register 1 




00E7 16 


Serial I/O status register 


00FFj 6 


Interrupt control register 2 













Fig. 2 SFR (Special Function Register) memory map 
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PROCESSOR MODE 

External memory area differs from the M37450M2-XXXSP, 
M37450M4-XXXSP and M37450M8-XXXSP. 
Figure 3 shows the external memory area when the 
M37450PSS is in the memory expanding mode and Fig. 4 
shows the external memory area when the M37450PSS is in 
the microprocessor mode. 



0000 16 








ooco 16 


Internal RAM 








00 DO! 6 






0100 16 


SFR 










Internal RAM 




0200 16 










8000! 6 








External EPROM 




FFFFic 






Hatching indicates external memory area 



Fig. 3 Memory map in memory expanding mode 



0000! 6 








ooco 16 


Internal RAM 








00D0 16 






0100 16 


SFR 








0200 16 


Internal RAM 








FFFF 16 






Hatching indicates external memory area 



PRECAUTION FOR USE 

(1) Program area 

When developing programs on the M37450PSS, the 
ROM and RAM sizes of the M37450M2-XXXSP, 
M37450M4-XXXSP, and M37450M8-XXXSP must be 
considered. 

For the M37450M2-XXXSP. use the M37450PSS ROM 
program area from F000 16 to FFFF 16 . (Write the prog- 
ram from 7000 16 to 7FFF 16 on the EPROM.) 
Also, when creating masked ROMs, note that the RAM 
area for the M37450M2-XXXSP is 128 bytes from 
0000 16 to 007 F 16 . 

For the M37450M4-XXXSP, use the M37450PSS ROM 
program area from E000 16 to FFFF 16 . (Write the prog- 
ram from 6000 16 to 7FFF 16 on the EPROM.) 
Also, when creating masked ROMs, note that the RAM 
area for the M37450M4-XXXSP is 192 bytes from 
0000 16 to 00BF 16 and 64 bytes from 0100 16 to 013F 16 for 
a total of 256 bytes. 

For the M37450M8-XXXSP, use the M37450PSS ROM 
program area from C000 16 to FFFF 16 . (Write the prog- 
ram from 4000 16 to 7FFF 16 on the EPROM.) 
Also, when creating masked ROMs, note that the RAM 
area for the M37450M8-XXXSP is 192 bytes from 
0000 16 to 00BF 16 and 192 bytes from 0100 16 to 01BF 16 
for a total of 384 bytes. 

The 64 byte area from 01C0 16 to 01FF 16 can also be 
used as internal RAM. However, it cannot be used 
when creating masked ROMs because there is no cor- 
responding device 

(2) External memory 

When developing programs, note that the external 
memory area of the M37450PSS is as described in the 
previous section. 



Fig. 4 Memory map in memory expanding mode 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


nam lyo 


Unit 


\/ ^ 

V CC 


Supply voltage 


With respect to V S s 

Output transistors are at "OFF" state 


—0. 3 to 7 


v 


V, 


Input voltage RESET, X !N 


—0. 3 to 7 


V 


v, 


Input voltage, P0 0 -P0 7 , PI0-PI7, P2 0 -P2 7 , 
P3 0 -P3 7 , P4 0 -P4 7 , P5 0 -P5 7 , 
P6 0 -P6 7 , V RFF 


—0. 3 to Vcc+0. 3 


V 


v, 


Input voltage CNV S s 


-0.3 to 13 


V 


Vo 


Output voltage, P0 0 -P0 7 , P1 0 -P17> P2 0 -P2 7 , 
P3 0 -P3 7 , P5o-P5 7 , P6 0 -P6 7 , 
Xout, <t>, R/W, SYNC 


—0. 3 to Vcc+0. 3 


V 


Pd 


Power dissipation 


T a =25°C 


1000 


mW 


T opr 


Operating temperature 




-10 to 70 


°C 


Tstq 


Storage temperature 




-40 to 125 


°C 



RECOMMENDED OPERATING CONDITIONS (V cc = 5V±10%,T a = -10 to 70°C, unless otherw.se noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


4.5 


5 


5.5 


V 


Vss 


Supply voltage 




0 




V 


V, H 


"H" input voltage RESET, X| N , CNV SS ( Notel ) 


0. 8V CC 




Vcc 


V 


V, H 


"H" input voltage P0 0 -P0 7> PI0-PI7, P2 0 -P2 7 , 
P3 0 -P3 7 , P4 0 -P4 7 , P5 0 -P5 7 , 
P6 0 -P6 7 (except Notel) 


2.0 




Vcc 


V 


v, L 


"L" input voltage CNV SS (Notel ) 


0 




0. 2V CC 


V 


v, L 


"L" input voltage P0 0 -P0 7 , PI0-PI7, P2 0 -P2 7 , 
P3 0 -P3 7 , P4 0 -P4 7 , P5 0 -P5 7 , 
P6 0 -P6 7 (except Notel) 


0 




0.8 


V 


V IL 


"L" input voltage RESET 


0 




0.12V CC 


V 


v, L 


"L" input voltage X !N 


0 




0.16V CC 


V 


'oL(peak) 


"L" peak output current P0 0 -P0 7 , PI0-PI7. P2 0 -P2 7 , 
P3 0 -P3 7 , P5 0 -P5 7 , P6 0 -P6 7 






10 


mA 


'oL(avg) 


"L" average output current P0 0 -P0 7> P1 0 -P1 7 , 
P2 0 -P2 7 , P3 0 -P3 7 , 
P5 0 -P5 7 , P6 0 -P6 7 (Note2) 






5 


mA 


'oH(peak) 


"H" peak output current P0 0 -P0 7 , P1 0 -P17, P2 0 -P2 7 , 
P3 0 -P3 7) P5 0 -P5 7 , P6 0 -P6 7 






-10 


mA 


'oH(avg) 


"H" average output current P0 0 -P0 7 , PVP17, 
P2 0 -P2 7 , P3 0 -P3 7 , 
P5 0 -P5 7 , P6 0 -P6 7 (Note2) 






-5 


mA 


f(x, N ) 


Clock oscillating frequency 


1 




10 


MHz 



Note 1 : Ports operate as INT 1 -INT 3 (P6 0 -P6 2 ), EV 1 -EV 3 (P3 0 -P3 2 ) ) R x D(P3 4 )and S C lk(P3 6 ) 

2 : The average output current loH(avg) and 'oL(avg) a re tne average value during a 100ms 

3 : The total of "L" output loupeak) of port P0, P1 and P2 is 40mA max 

The total of "H" output l 0 H(peak) of port P0, P1 and P2_is 40mA max 

The total of "L" output loUpeak) of port P3, P5, P6, R/W, SYNC and <t> is 40mA max 

The total of "H" output l Q H(peak) of port P3, P5, P6, R/W, SYNC and <j> is 40mA max 



AMITSUBISt 
ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M37450PSS 

PIGGYBACK for M37450M2-XXXSP,M37450M4-XXXSP,M37450M8-XXXSP 



ELECTRICAL CHARACTERISTICS (Vcc = 5V±10%, V ss = OV, T a = -10 to 70°C, f(X IN ) = 10MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vqh 


"H" output R/W, SYNC, <j> 


Ioh= — 2mA 


Vcc-1 






V 


V OH 


"H" output voltage P0 0 -P0 7 , PI0-PI7. P2 0 -P2 7 , 
P3 0 -P3 7 , P5 0 -P5 7> P6 0 -P6 7 


Ioh= _ 5mA 


V CC 1 






V 


V OL 


"L" output voltage P0 0 -P0 7 , P1 0 -P1 7 , P2 0 -P2 7 , 
P3 0 -P3 7 , P5 0 -P5 7 , P6 0 -P6 7 , 
R/W, SYNC, 4> 


l 0 L=2mA 






0. 45 


V 


Vql 


"L" output voltage P0 0 -P0 7 , PI0-PI7- P2 0 -P2 7 , 
P3 0 -P3 7 , P5 0 -P5 7 , P6 0 -P6 7 


loi_ = 5mA 






1 


v 


V T+ — V T - 


Hysterisis INT 1 -INT 3 (P6 0 -P6 2 ), E^-EVa^o-PSs), 
R X D(P3 4 ), S CL k(P3 6 ) 


Function input level 


0.3 




1 


v 


v T +-v T _ 


Hysterisis RESET 








0.7 


V 


v T +-v T - 


Hysterisis X iN 




0.1 




0.5 


V 


liu 


"L" Input current P0 0 -P0 7 , PI0-PI7. P2 0 -P2 7) 
P3 0 -P3 7 , P4 0 -P4 7 , P5 0 -P5 7 , 
P6 0 -P6 7> RESET, X, N 


V|=Vss 


-5 




5 


juA 


I.H 


"H" Input current P0 0 -P0 7 , PI0-PI7, P2 0 -P2 7 , 
P3 0 -P3 7 , P4 0 -P4 7 , P5 0 -P5 7 , 
P6 0 -P6 7> RESET, X, N 


V|=V CC 


-5 




5 


/uA 


Vram 


RAM retention voltage 


At stop mode 


2 






V 


'cc 


Supply current 


At system operation 
f(X| N ) = 10MHz(Note1) 




6 


10 


mA 


Note 1 : Only for M37450PSS (not contact in EPROM dissipation current) 

A-D CONVERTER CHARACTERISTICS (Vcc = 5V, V ss = AV SS = OV, T a = 25°C, f(X, N ) = 10MHz, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max. 




Resolution 








8 


Bits 




Absolute accuracy 


V C c=Vref=5.12V 




±1.5 


±3 


LSB 


tcONV 


Conversion time 








49 


t c (0) 


V, A 


Analog input voltage 




AVss 




AVcc 


V 


VvREF 


Reference analog input voltage 




2 




Vcc 


V 


Rladder 


Ladder resistance value 


Vref=5V 


2 


7.5 


10 


kO 


'iVREF 


Reference analog input current 


V RE f=5V 


0.5 


0.7 


2.5 


mA 


Vavss 


Analog power input 






0 




V 


D-A CONVERTER CHARACTERISTICS (Vcc = 5V, V ss = AV SS = OV, T a = 25°C, f(X IN )= 10MHz, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 




Resolution 








8 


Bits 




Absolute accuracy 


Vcc=Vref=5.12V 






1.0 


% 


*su 


Setup time 








3 


jus 


Ro 


Output resistance 




1 


2 


4 


kfl 


Vavss 


Analog power input 






0 




V 


Vvref 


Analog power input 




4 




Vcc 


V 


Ivref 


Reference power input current (Each pin) 




0 


2.5 


5 


mA 
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DESCRIPTION 

The M37450PFS is an EPROM mounted-type micro- 
computer employing a silicon gate CMOS process and was 
designed for developing programs for single-chip, 8-bit 
microcomputers M37450M2-XXXFP, M37450M4-XXXFP and 
M37450M8-XXXFP. The M37450PFS, being housed in a 
piggyback-type 80-pin plastic QFP is compatible with the 
M37450M2-XXXFP, M 37450 M4-XXXFP and M37450M8- 
XXXFP. 

There is a 32-pin socket on the upper surface so that the 
outline is, LCC-32C-A01 and 27C256 EPROM may be used. 
The M37450PSS simplifies the development of programs 
for the M37450M2-XXXFP, M37450M4-XXXFP and M37450 
M8-XXXFP and is excellent for making prototypes. 



FEATURES 

• Difference with the M37450M2-XXXFP, M37450M4- 
XXXFP and M37450M8-XXXFP is: 

(1 ) ROMIess, EPROM is attached externally. 

(2) Suitable EPROM is that the outline is LCC-32C-A01 
and 27C256 

APPLICATION 

Development of programs for the following systems: 

• Slave controller for PPCs, facsimiles, and page printers 

• HDD, optical disk, inverter, and industrial motor control- 
lers 

• Industrial robots and machines 



PIN CONFIGURATION (TOP VIEW) 



I/O port P3 



I/O port P5 



> W I Q * °x d| 

W 0. oc h- cole 

1 1 1 1 1 

I f^l N Ft] [76l [75I 



o 8> 
> > Q 
< < < 



< f 5 I 

Q Q Q £ 



1 1 t t i 



I/O port P6 



Write status output 
Read status output 
Read/write status output 
Synchronous signal output 



Reset out RESETqut *~ \ 




■ P4 1 /AN 1 

- P4 2 /AN 2 

- P4 3 /AN 3 

- P4 4 /AN 4 

- P4 5 /AN 5 

- P4 6 /AN 6 

- P4 7 /AN 7 

- P0 0 /Ao 

► Pd/A, 

- P0 2 /A 2 

- PO3/A3 

► PO4/A4 

► P0 5 /A 5 

► P0 6 /A 6 

- P0 7 /A 7 

► P1 0 /A 8 
►PI1/A9 
►P1 2 /A 10 

►P1 3 /An 
►PVA 12 
►PVA 13 
••Ple/Au 
►PI7/A15 
NC 



Input port P4 



I/O port P0 



I/O port P1 



Outline 80S6M 



The symbol "O" indicates socket for EPROM 
NC : Nq Connection 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc. 
V S s 


Supply voltage 




Power supply inputs 5V±10% to V C c and OV to V ss 


CNVss 


CNVss 




Controls the processor mode of the chip Normally connected to V S s or V C c 


RESET 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 8 clock cycles (under nor- 
mal V C c conditions) 

If more time is needed for the crystal oscillator to stabilize, this "L" condition should be maintained for the 
required time 


X|N 


Clock input 


Input 


These are I/O pins of internal clock generating circuit for mam clock To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the X !N and Xout pins If an external 
clock is used, the clock source should be connected to the X| N pin and the Xout pm should be left open 


XoUT 


Clock output 


Output 




Timing output 


Output 


Outputs signal consisting of oscillating frequency divided by four 


SYNC 


Synchronous signal 
output 


Output 


This signal is output "H" during operation code fetch and is used to control single stepping of programs 


R/W 


Read/Write 
status output 


Output 


This signal determines the direction of the data bus It is "H" during read and "L" during write 


PO0-PO7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programed as 
input or output The output structure is CMOS output The low-order bits of the address are output except 
in single-chip mode 


PI0-PI7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same function as port PO The high-order bits of the 
address are output except in single-chip mode 


P2 0 -P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same function as PO Used as data bus except in single- 
chip mode 


P3 0 -P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same function as PO Serial I/O, PWM output, or even I/O 
function can be selected with a program 


P4 0 -P4 7 


Input port P4 


Input 


Analog input pin for the A-D converter They may also be used as digital input pins 


P5 0 -P5 7 


I/O port P5 


I/O 


Port P5 is an 8-bit I/O port and has basically the same function as PO This port functions as an 8-bit data 
bus for the master CPU when slave mode is selected with a program 


P6 0 -P6 7 


I/O port P6 


I/O 


Port P6 is an 8-bit I/O port and has basically the same function as PO Pins P6 3 to P67 change to control bus 
for the master CPU when slave mode is selected with a program Pins P60 to P62 may be programed as 
external interrupt input pins 


D-Al D-A 2 


D-A output 


Output 


Analog signal from D-A converter is output 


ADV ref 


A-D refference 
voltage input 


Input 


Reference voltage input pin for A-D converter 


DAV REF 


D-A refference 
voltage input 


Input 


Reference voltage input pin for D-A converter 


AV SS 


Analog power supply 




Ground level input pin for A-D and D-A converter 


AVcc 


Analog power supply 




Power supply input pin for A-D converter 


RD 


Read signal output 


Output 


Control signal output as active "L" when vailed data is read from data bus 


WR 


Write signal output 


Output 


Control signal output as active "L" when writing data from data bus to external component 


< RESETqut 


Reset output 


Output 


Control signal output as active "H" during reset It is used as a reset output signal for perpheral compo- 
nents 


A 0 -A 14 


Output port A 


Output 


Port A outputs the adresses to the EPROM mounted on the top of the package 


D 0 -D 7 


Input port D 


Input 


Port D takes the input data from the EPROM mounted on the top of the package 
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EXPLANATION OF FUNCTION BLOCK 
OPERATION 

The differences between the M37450PFS and the M37450M2- 
XXXFP, M37450M4-XXXFP and M37450M8-XXXFP are ex- 
plained below. As all other points are the same, only the differ- 
ences are explained. 



MEMORY 

Instead of an internal ROM, an EPROM is mounted. The 
addresses of EPROM are 8000 16 to FFFF 16 , having 32K bytes. 
Internal RAMs are provided from 0000 16 to 00BF 16 (192 bytes) 
and from 0100 16 to 01FF 16 (256 bytes) for a total of 448 bytes. 
However, the 64-byte area from 01C0 16 to 01FF 16 cannot be 
used when creating masked ROM. The rest of the functions are 
equivalent to the M37450M2-XXXFP, M37450M4-XXXFP and 
M37450M8-XXXFP. 



RAM 
(192 bytes) 



RAM 
(256 bytes) 



External ROM 
(32K bytes) 



0000 16 

00BF 16 
00D0 16 

0100 16 

01BF 16 
0200 16 

8000! 6 



FF00 1( 



FFEOt 

FFFF 1( 



Not used 



SFR area 



Interrupt vector area 



Zero page 



Special 
page 



Fig. 1 Memory map 
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00D0 16 


Port P0 register 


00E8 16 


Serial I/O control register 


0OD1 16 


Port P0 directional register 


00E9 16 


UART control register 


00D2 16 


Port P1 register 


00EA 16 


Baud rate generator 


0OD3 16 


Port P1 directional register 


00EB 16 


PWM register (lower-byte) 


00D4 16 


Port P2 register 


00EC 16 


PWM register (higher-byte) 


0OD5 16 


Port P2 directional register 


00ED 16 


Timer 1 control register 


00D6 16 


Port P3 register 


00EE 16 


Timer 2 control register' 


0OD7 16 


Port P3 directional register 


00EF 16 


Timer 3 control register 


00D8 16 


Port P4 register 


00F0 16 


Timer 1 register (lower-byte) 


00D9 16 


Reserved 


O0F1 16 


Timer 1 register (higher-byte) 


00 DA! 6 


Port P5 register 


00F2 16 


Timer 1 latch (lower-byte) 


00DB 16 


Port P5 directional register 


00F3 16 


Timer 1 latch (higher-byte) 


00DC 16 


Port P6 register 


00F4 16 


Timer 2 register (lower-byte) 


00DD 16 


Port P6 directional register 


00F5 16 


Timer 2 register (higher-byte) 


00DE 16 


MISRG1 


00F6 16 


Timer 2 latch (lower-byte) 


00DF 16 


MISRG2 


O0F7 16 


Timer 2 latch (higher-byte) 


00 Ed 6 


D-A1 register 


O0F8 16 


Timer 3 register (lower-byte) 


00E1 16 


D-A2 register 


00F9 16 


Timer 3 register (higher-byte) 


00E2 16 


A-D register 


O0FA 16 


Timer 3 latch (lower-byte) 


00E3 16 


A-D control register 


00FB 16 


Timer 3 latch (higher-byte) 


00E4 16 


Data bus buffer register 


00FC 16 


Interrupt request register 1 


00E5 16 


Data bus buffer status register 


00FD 16 


Interrupt request register 2 


00E6 16 


Receive/transfer buffer register 


00FE 16 


Interrupt control register 1 


00E7 16 


Serial I/O status register 


00FF 16 


Interrupt control register 2 



Fig. 2 SFR (Special Function Register) memory map 
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PROCESSOR MODE 

External memory area differs from the M37450M2-XXXFP, 
M37450M4-XXXFP and M37450M8-XXXFP. 
Figure 3 shows the external memory area when the 
M37450PFS is in the memory expanding mode and Figure 4 
shows the external memory area when the M37450PFS is in the 
microprocessor mode. 



0000 16 j— 

Internal RAM 

0OCO 16 " 

00D0 16 — — 

SFR 

0100 16 

Internal RAM 



0200 1( 




8000! 6 ~~ — ' — 

External EPROM 

FFFF 16 I 

Hatching indicates external memory area 



Fig. 3 Memory map in memory expanding area 



PRECAUTION FOR USE 

(1) Program area 

When developing programs on the M37450PFS, the ROM 

and sizes of the M37450M2-XXXFP, M37450M4-XXXFP, 

and M37450M8-XXXFP must be considered. 

For the M37450M2-XXXFP, use the M37450PFS ROM 

program area from F000 16 to FFFF 16 . (Write the program 

from 7000 16 to 7FFF 16 on the EPROM.) 

Also, when creating masked ROMs, note that the RAM 

area for the M37450M2-XXXFP is 128 bytes from 0000 16 to 

0007F 16 . 

For the M37450M4-XXXFP, use the M37450PFS ROM 
program area from E000 16 to FFFF 16 . (Write the program 
from 6000 16 to 7FFF 16 on the EPROM.) 
Also, when creating masked ROMs, note that the RAM 
area for the M37450M4-XXXFP is 192 bytes from 0000 16 to 
00BF 16 and 64 bytes from 0100 16 to 013F 16 for a total of 
256 bytes. 

For the M37450M8-XXXFP, use the M37450PFS ROM 
program area from C000 16 to FFFF 16 . (Write the program 
from 4000 16 to 7FFF 16 on the EPROM.) 
Also, when creating masked ROMs, note that the RAM 
area for the M37450M8-XXXFP is 192 bytes from 0000 16 to 
00BF 16 and 192 bytes from 0100 16 to 01BF 16 for a total of 
384 bytes. 

The 64 byte area from 01C0 16 to 01FF 16 can also be used 
as internal RAM. However, it cannot be used when creat- 
ing masked ROMs because there is no corresponding 
device. 

(2) External memory 

When developing programs, note that the external memory 
area of the M37450PFS is as described in the previous 
section. 

(3) EPROM orientation 

Figure 5 shows the orientation when mountting the, LCC 
type EPROM on the M37450PFS. Insert the EPROM firmily 
until it hits bottom. 



0000! 

00C0 16 
OOD0 16 
0100 16 

0200 16 



Internal RAM 



SFR 



Internal RAM 




FFFF ie 

Hatching indicates external memory area 



Fig. 4 Memory map in microprocessor mode 
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EPROM 



M37450PFS 



Fig. 5 EPROM orientation 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V C c 


Supply voltage 


With respect to V S s 

Output transistors are at "OFF" state 


—0. 3 to 7 


V 


V, 


Input voltage RESET, X| N 


-0. 3 to 7 


V 


Vi 


Input voltage, P0 0 -P0 7 , PI0-PI7. P2 0 -P2 7 , 
P3 0 -P3 7 , P4 0 -P4 7 , P5 0 -P5 7 , 
P6 0 -P6 7 , ADV RFF , DAV RFFi AV cc 


—0. 3 to Vcc+0. 3 


V 


V, 


Input voltage CNV S s 


-0.3 to 13 


V 


Vo 


Output voltage, P0 0 -P0 7l PI0-PI7, P2 0 -P2 7 , 
P3 0 -P3 7 , P5 0 -P5 7 , P6 0 -P6 7 , 
Xout, 4>, RD. WR, RESETout, SYNC 


—0. 3 to Vcc+0. 3 


V 


Pd 


Power dissipation 


T a =25°C 


500 


mW 


Topr 


Operating temperature 




-10 to 70 


°C 


Tstq 


Storage temperature 




-40 to 125 


°C 



RECOMMENDED OPERATING CONDITIONS (Vcc = 5V±10%, T a = -10 to 70C, unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


4.5 


-5 


5.5 


V 


V ss 


Supply voltage 




0 




V 


V, H 


"H" input voltage RESET, X, N , CNV SS (Notel ) 


0. 8V CC 




Vcc 


V 


V, H 


"H" input voltage P0 0 -P0 7 , PI0-PI7, P2 0 -P2 7 , 
P3 0 -P3 7 , P4 0 -P4 7 , P5 0 -P5 7 , 
P6 0 -P6 7 (except Notel) 


2.0 




Vcc 


V 


V, L 


"L" input voltage CNV SS ( Notel ) 


0 




0. 2V CC 


V 


V IL 


"L" input voltage P0 0 -P0 7 , PI0-PI7, P2 0 -P2 7 , 
P3 0 -P3 7 , P4 0 -P4 7 , P5 0 -P5 7 , 
P6 0 -P6 7 (except Notel) 


0 




0.8 


V 


V,L 


"L" input voltage RESET 


0 




0.12V CC 


V 


V, L 


"L" input voltage X| N 


0 




0.16V CC 


V 


'oL(peak) 


"L" peak output current P0 0 -P0 7 , PI0-PI7, P2 0 -P2 7 , 
P3 0 -P3 7 , P5 0 -P5 7 , P6 0 -P6 7 






10 


mA 


'oL(avg) 


"L" average output current POo-PO>, P1o-P17, 
P2 0 -P2 7 , P3 0 -P3 7 , 
P5 0 -P5 7 , P6 0 -P6 7 (Note2) 






5 


mA 


'oH(peak) 


"H" peak output current P0 0 -P0 7l PI0-PI7, P2 0 -P2 7 , 
P3 0 -P3 7 , P5 0 -P5 7 , P6 0 -P6 7 






-10 


mA 


'oH(avg) 


"H" average output current P0o-P0 7 , P1 0 -P1 7 , 
P2 0 -P2 7 , P3 0 -P3 7 , 
P5 0 -P5 7 , P6 0 -P6 7 (Note2) 






—5 


mA 


f(x IN ) 


Clock oscillating frequency 


1 




10 


MHz 



Note 1 : Ports operate as INT 1 -INT 3 (P6 0 -P6 2 ), EV 1 -EV 3 (P3o-P3 2 ), R x D(P3 4 )and S CL k(P3 6 ) 

2 : The average output current l 0 H(avg) and l 0 L(avg) are tn © average value during a 100ms 

3 : The total of "L" output loupeak) of P ort p 0> P1 and P2 is 40mA max 

The total of "H" output loH(peak) of P° rt p 0> P1 and P2_|s 40mA max. 

The total of "L" output l 0 L(peak) of port P3, P5, P6, R/W, SYNC, RESET OU t- RD, WR and <t> is 

40mA max, _ 

The total of "H" output l OH (peak) of Port P3, P5, P6, R/W, SYNC, RESET OU t. RD, WR and <j> is 
40mA max 



3-154 



MITSUBISHI MICROCOMPUTERS 

M37450PFS 

PIGGYBACK for M37450M2-XXXFP,M37450M4-XXXFP,M37450M8-XXXFP 



ELECTRICAL CHARACTERISTICS (V C c = 5V±10%, V ss = OV, T a = -10 to 70°C, f(X IN ) = IOMHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 


v OH 


"H" output RD, WR, SYNC, RESET 0 ut. 4> 


l OH =— 2mA 


\/ — 1 

Vqc 1 






v 


VoH 


"H" output voltage PO0-PO7, PI0-PI7, P2o-P27, 
P3 0 -P3 7 , P5 0 -P5 7 , P60-P67 


Ioh =— 5mA 


Vcc-1 






V 


VOL 


"L" output voltage P0 0 -P0 7) PI0-PI7, P2 0 -P2 7 , 
P3o-P37, P5o-P57, P6o-P6 7> 
R/W, RD, WR, SYNC, RESET 0U t, <t> 


| OL =2mA 






0. 45 


v 


Vol 


"L" output voltage P0 0 -P0 7 , P1 0 -P1 7 . P2 0 -P2 7> 
P3 0 -P3 7 , P5o-P57, P60-P67 


loL^SmA 






1 


V 


V t +-V t - 


Hystensis INTi-INT 3 (P6o-P62), EVrEVaCPSo-PSa), 
R X D(P3 4 ), S CL k(P3 6 ) 


Function input level 


0.3 




1 


V 


V T +— V T - 


Hystensis RESET 








0.7 


v 


V T +-V T - 


Hystensis X| N 




0.1 




0.5 


V 


I.l 


"L" Input current P0 0 -P0 7l PI0-PI7. P2 0 -P2 7 , 
P3 0 -P3 7 , P4 0 -P4 7 , P5 0 -P5 7 , 
P60-P67, RESET, Xin 


V,=V SS 


-5 




5 


juA 


I.H 


"H" Input current P0 0 -P0 7 , P1 0 -P17, P2 0 -P2 7 , 
P3 0 -P3 7 , P4 0 -P4 7 , P5 0 -P5 7 , 
P60-P67, RESET, X| N 


V|=V CC 


-5 




5 


juA 


Vram 


RAM retention voltage 


At stop mode 


2 






V 


•cc 


Supply current 


At system operation 
f(X, N ) = 10MHz(Note1) 




6 


10 


mA 



Note 1 : Only for M37450PFS (not contact in EPROM dissipation current) 



A-D CONVERTER CHARACTERISTICS (V cc =AV C c=5V I v S s=AV S s=0V, T a =25°C, f(X lN )=10MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 




Resolution 








8 


Bits 




Absolute accuracy 


V C c=AVcc=ADV REF =5. 12V 




±1.5 


±3 


LSB 


tcONV 


Conversion time 








49 


t c (0) 


V,A , 


Analog input voltage 




AV SS 




AV CC 


V 


Vadvref 


Reference analog input voltage 




2 




V C c 


V 


Rladder 


Ladder resistance value 


ADV REF =5V 


2 


7.5 


10 


kn 


'lADVREF 


Reference analog input current 


ADV REF =5V 


0.5 


0.7 


2.5 


mA 


Vavcc 


Analog power input 






Vcc 




V 


Vavss 


Analog power input 






0 




V 


D-A CONVERTER CHARACTERISTICS (Vcc = 5V, V ss = AV SS = OV, T a - 25C, unless otherw.se noted) 


Symbol 


Parameter 


Test, conditions 


Limits 


Unit 


Mm 


Typ 


Max 




Resolution 








8 


Bits 




Absolute accuracy 


Vcc=DAV REF =5. 12V 






1.0 


% 




Setup time 








3 


MS 


Ro 


Output resistance 




1 


2 


4 


kn 


Vavss 


Analog power input 






0 




V 


Vdavref 


Analog power input 




4 




Vcc 


V 


'davref 


Reference power input current (Each pin) 




0 


2.5 


5 


mA 
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MITSUBISHI MICROCOMPUTERS 

M37450E4-XXXSP/FP 
M37450E4SS/FS 

PROM VERSION of M37450M4-XXXSP/FP 



DESCRIPTION 

The M37450E4-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP. The features of this chip 
are similar to those of the M37450M4-XXXSP except that 
this chip has a 8192-byte PROM built-in. This single-chip 
microcomputer is useful for office automation appliances 
and consumer appliance controllers. 

In addition to its simple instruction sets, the PROM, RAM 
and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose PROM 
writes can be used for small quantity production runs. It 
also has a unique feature that enables it to be used as a 
slave microcomputer. 

The M37450E4SS and the M37450E4FS are the window 
type. The differences between the M37450E4-XXXSP and 
the M37450E4-XXXFP, and between the M37450E4SS and 
the M37450E4FS are the package outline and the power 
dissipation ability (absolute maximum ratings). 

FEATURES 

• Number of basic instructions 71 

69 MELPS 740 basic instructions + 2 multiply/divide 
instructions 

• Memory size PROM 8192 bytes 

RAM 256 bytes 

• Instruction execution time 

(minimum instructions at 10 MHz frequency) O.Qjus 

• Single power supply 5V±5% 

• Power dissipation normal operation mode 

(at 10 MHz frequency) 30mW 

• Subroutine nesting 96 levels max. 

• Interrupt 15 events 

• Master CPU bus interface 1 byte 

• 16-bit timer 3 

• 8-bit timer (Serial I/O use) 1 

• Serial I/O (UART or clock synchronous) 1 

• A-D converter (8-bit resolution) 3 channels (DIP) 

8 channels (QFP) 

• D-A converter (8-bit resolution) 2 channels 

• PWM output (8-bit or 16-bit) • 1 

• Programmable I/O ports 

(Ports P0, P1, P2, P3, P5, P6) 48 

• Input port (Port P4) 3 (DIP), 8 (QFP) 

• Output ports (Ports D-A 1; D-A 2 ) ; 2 

• PROM (equivalent to the M5L2764) 

program voltage 21V 

APPLICATION 

Slave controller for PPCs, facsimiles, and page printers 
HDD, optical disk, inverter, and industrial motor controllers 
Industrial robots and machines 



PIN CONFIGURATION (TOP VIEW) 



I/O port 
P3 



I/O port 
P5 



P3 7 /Srdy ■*"*■ U. 
P3 6 /Sclk "^GE 
P3 5 /TxD**[T 
P3 4 /RxD«~[T 

P3 3 /PWMout~E 
P3 2 /EV 3 [][ 
P3 1 /EV 2 **|T 
P3 0 /EV, |T 
P5 7 /DB 7 ~|T 
P5 6 /DB 6 *->[To 
P5 5 /DB 5 **[lT 
P5 4 /DB 4 «->0I 
P5 3 /DB 3 ~[}3 
P5 2 /DB 2 /CE~[i4 
PS^DB^OE^Ol 
P5 0 /DB 0 /PGM [Te 
P6 7 /W 02 
P6 6 /R~0I 

P6 5 /CS 01 

P6 4 /A0 [20 

P6 3 /P^^E 
P6 2 /INT 3 +-|22 
Pe^lNTg^H 

Read/Wnte Wo/INT, ~E 
status output R/W «- [25 

Synchronous signal $YNC •♦—[26 
output ZZ 
CNVs S /Vpp — [27 

RESET —*■ [28 

XoUT^-E 



I/O port 



Reset input 
Clock Input 
Clock output 
Timing output 



3 H 



2 

CO 
-si 



CO 61 
"S o 



Ol o 
o -* 
m 

CO 
CO 



64] 
63) 

m- 

60]- 

1. 

_* 

56) 
55] -» 

HI- 

i« 

a- 

49]* 

1. 
g. 

45]* 
44|* 

1> 
1> 
«]. 

40|* 



Vcc 
AV S! 



Input 
port P4 



I/O port 
PO 



voltage input 

• D-A 1 

D-A 2 ) D - A ° UtpUt 
PVANo , 

• P^/ANt 

• P4 2 /AN 2 

• P0 0 /A 0 

■ PO^At 

• P0 2 /A 2 
P0 3 /A 3 

• P0 4 /A 4 

■ PO5/A5 

• P0 6 /A 6 

■ P0 7 /A 7 
■P1 0 M 8 
■PI1/A9 

PI2/A10 
■PVAn 

• P1 4 /A 12 
■PI5/A13 

■ P1 6 /Ai4 
P1 7 /A 15 
P2 0 /D 0 

' P2 1 /D 1 
P2 2 /D 2 
P2 3 /D 3 
P2 4 /D 4 
P2 5 /D 5 
P2 6 /D 6 
P2 7 /D 7 



I/O port 
P1 



I/O port 
P2 



Outline 



64P4B(OTP) 
64S1B (Window) 



_ I _ £ <x\<% 

. _ q. a a. > ; 



llltll llttl 



NC 
P3,/EV 2 * 
P30/EV, * 
P5 7 /DB 7 * 
P5 6 /DB 6 * 
P5 5 /DB 5 * 
P5 4 /DB 4 * 
P53/DB3 * 
P5 2 /DB 2 /CE * 
PS^DBiADE* 
P5 0 /DB 0 /PGM* 
P67/W * 
P6 6 _/ R * 
P65/CS * 
P64/AO * 
P63/PRDY * 
P6 2 /INT 3 «• 
P6,/\NJ 2 " 
P60/INT1 - 
WR- 
RD- 
R/W« 
SYNC « 
RESETqut « 




Outline 



80P6(OTP) 
80S6 (Window) 



NC : No 
connection 
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M37450E4-XXXSP, M37450E4SS BLOCK DIAGRAM 



Clock Clock Timing 
input output output 



Reset 
input 
RESET 



R/W SYNC 



V ss 



Clock generating , 
circuit 







, \r> , 


RAM 

256 




counter 

PC H (8^ 


Program 
counter 

PC|_(8> 


bytes 









PROM 
8192 
bytes 





Timerl 

(16) 


EV1 
, T1 


, * K, 




Timer 2 

(16) 


EV2 


^ ' H 


^4 Timer 3 

3 (16) 


Mh ' ^ 



Timer 1 latch s 

(16) 



Timer 2 latch < 

(16) 




^ — 



I/O port P6 



I/O port P1 



I/O port PO 



30 
O 

3 

< 
m 

3D 
5 

z 

o 

2 

w 

01 

o 
3 

■ 

X 
X 
X 

to 

"0 

■n 
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M37450E4-XXXFP, M37450E4FS BLOCK DIAGRAM 



Clock Clock Timing 
input output output 

X| N XouT 4> 

— @>— - 



Reset 
input 

RESET 



Reset 
output 

RESETout 



WR RD R/W SYNC 



Vcc V S s 

-@- - 



Clock generating 
circuit 





^> 


<> 




RAM 




Program 
counter 


Program 
counter 




PROM 




256 




PC H ^ 


pc l :8) 




8192 




bytes 








bytes 







Timer 1 






(16) 






-@ 1 



I/O port P6 



I/O port P5 



AV C( 



D-A 2 I/O port P3 I/O port P2 I/O port P1 

DAV REF 



I/O port PO 



■o 
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MITSUBISHI MICROCUMKUitKs 

M37450E4-XXXSP/FP 
M37450E4SS/FS 



PROM VERSION of M37450M4-XXXSP/FP 



FUNCTIONS OF M37450E4-XXXSP/FP, M37450E4SS/FS 



Parameter 


Functions 


Number of basic instructions 


71(69 MELPS 740 basic instructions+2) 


Instruction execution time 


0. 8/us (minimum instructions, at 10MHz frequency) 


Clock frequency 


10MHz (max ) 


Memory size 


PROM 


8192 bytes 


RAM 


256 bytes 


Input/Output port 


P0-P3, P5, P6 


I/O 


8-bitX6 


P4 


Input 


3-bitXl (8-bitXl for80-pin model) 


D-A 


Output 


2-bitXl 


Serial I/O 


UART or clock synchronous 


Timers 


16-bit timerX3, 

8-bit timer (Serial I/O baud rate generator) X1 


A-D converter 


8-bitX3 channels (8 channels for 80-pin model) 


D-A converter 


8-bitX2 channels 


Pulse width modulator 


8-bit or 16-bitXl 


Data bus buffer 


1-byte input and output each 


Subroutine nesting 


96-levels 


Interrupt 


6 external interrupts, 8 internal interrupts 
One software interrupt 


Clock generating circuit 


Built-in (ceramic or quarts crystal oscillator) 


Supply voltage 


5V±5% 


Power dissipation 


30mW (at 10MHz frequency) 


Input/Output characters 


Input/Output voltage 


5V 


Output current 


±5mA (max.) 


Memory expansion 


Possible 


Operating temperature range 


-10 to 70°C 


Device structure 


CMOS silicon gate 


Package 


M37450E4-XXXSP 


64-pin shrink plastic molded DIP 


M37450E4-XXXFP 


80-pin plastic molded QFP 


M37450E4SS 


64-pin shrink ceramic DIP 


M37450E4FS 


80-pin ceramic QFP 
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M37450E4-XXXSP/FP 
M37450E4SS/FS 



PROM VERSION of M37450M4-XXXSP/FP 



PIN DESCRIPTION (normal mode) 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc, 
V S s 


Supply voltage 




Power supply inputs 5V±596 to V C c, and OV to V S s 


CNVss/V P p 


CNVss 




Controls the processor mode of the chip Normally connected to V ss or Vcc 


RESET 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 8 clock cycles (under nor- 
mal Vcc conditions) If more time is needed for the crystal oscillator to stabilize, this "L" condition should 
be maintained for the required time 




Clock input 


Input 


This chip has an internal clock generating circuit To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the X| N and X 0 ut pins If an external clock is used, the clock 
source should be connected to the Xin pin and the Xout pin should be left open 




Clock output 


Output 


<t> 


Timing output 


Output 


Outputs signal consisting of oscillating frequency divided by four 


SYNC 


Synchronous 
signal output 


Output 


This signal is output "H" during operation code fetch and is used to control single stepping of programs 


R/W 


Read/Write 
status output 


Output 


This signal determines the direction of the data bus It is "H" during read and "L" during write 


P0 0 -P0 7 


I/O port PO 


I/O 


Port PO is an8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output The output structure is CMOS output The low-order bits of the address are output except 
in single-chip mode 


PI0-PI7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO The high-order bits of the 
address are output except in single-chip mode 


P2 0 -P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO Used as data bus except in 
single-chip mode 


P3 0 -P3 7 


I/O port P3 


I/O 


Port, P3 is an 8-bit I/O port and has basically the same functions as port PO Serial I/O, PWM output, or 
event I/O function can be selected with a program 


P4 0 -P4 2 
(P4 0 _P4 7 ) 


Input port P4 


Input 


Analog input pin for the A-D converter The 64-pin model has three pins and the 80-pin model has eight 
pins They may also be used as digital input pins 


P5 0 -P5 7 


I/O port P5 


I/O 


Port P5 is an 8-bit I/O port and has basically the same functions as port PO This port functions as an 8-bit 
data bus for the master CPU when slave mode is selected with a program 


P6 0 -P6 7 


I/O port P6 


I/O 


Port P6 is an 8-bit I/O port and has basically the same function as port PO Pins P63 to P67 change to a con- 
trol bus for the master CPU when slave mode is selected with a program Pins P60 to P62 may be program- 
med as external interrupt input pins 


D-Al D-A 2 


D-A output 


Output 


Analog signal from D-A converter is output 


Vref 


Reference voltage 
input 


Input 


Reference voltage input pin for A-D and D-A converter This pin is for 64-pin model only 


ADV ref 


A-D reference 
voltage input 


Input 


Reference voltage input pin for A-D converter This pin is for 80-pin model only 


DAV ref 


D-A reference 
voltage input 


Input 


Reference voltage input pin for D-A converter This pin is for 80-pin model only 


AV SS 


Analog power supply 




Ground level input pin for A-D and D-A converter Same voltage as Vss >s applied 


AVcc 


Analog power supply 




Power supply input pin for A-D converter This pin is for 80-pin model only Same voltage as V C c is applied 
In the case of the 64-pin model, AV C c is connected to V C c internally 


RD 


Read signal 
output 


Output 


Control signal output as active "L" when valid data is read from data bus This pin is for 80-pin model only 


WR 


Write signal 
output 


Output 


Control signal output as active "L" when writing data from data bus to external component This pin is for 
80-pin model only 


RESETqut 


Reset output 


Output 


Control signal output as active "H" during reset It is used as a reset output signal for peripheral compo- 
nents. This pin is for 80-pin model only 
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M37450E4-XXXSP/FP 
M37450E4SS/FS 

PROM VERSION of M374S0M4-XXXSP/FP 



PIN DESCRIPTION (EPROM mode) 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc» Vss 


Supply voltage 




Power supply inputs 5V±5% to V C c. and OV to V S s 


CNVss/Vpp 


Vp P 


Input 


Connect to V PP when programming or verifing. 


RESET 


Reset input 


Input 


Connect to V S s 


X|N 


Clock input 


Input 


Connect a ceramic or a quartz crystal oscillator between X tN and Xout for clock oscillation. 


XoUT 


Clock output 


Output 


<f> 


Timing output 


Output 


For timing output 


SYNC 


Synchronous 
signal output 


Output 


Kept to open ("L" signal is output) 


R/W 


Read/Write 
status output 


Output 


Kept to open ("H" signal is output) 


P0 0 -P0 7 


I/O port PO 


Input 


PO works as the lower 8-bit address input 


PI0-PI7 


I/O port P1 


Input 


P1 works as the higher 8-bit address input 


P2 0 -P2 7 


I/O port P2 


I/O 


P2 works as an 8- bit data bus 


P3 0 -P3 7 


I/O port P3 


Input 


Connect to V S s 


P4 0 -P4 2 
(P4 0 -P4 7 ) 


Input port P4 


Input 


Connect to V S s (The 80-pin model has eight pins P4o to P4 7 ) 


P5 0 -P5 7 


I/O port P5 


Input 


P5 0 , P5i, P5 2 works as PGM, OE, and CE inputs respectively Connect P53 and P5 4 to V C c and P5 5 to P5 7 to 

Vss 


P6 0 -P6 7 


I/O port P6 


Input 


Connect to V S s 


D-Al D-A 2 


D-A output 


Output 


Kept to open 


Vref 


Reference voltage 
input 


Input 


Connect to V S s 


ADV REF 


A-D reference 
voltage input 


Input 


Connect to V S s- 


DAV REF 


D-A reference 
voltage input 


Input 


Connect to V S s- 


AV SS 


Analog power 


Input 


Connect to Vss 


AVcc 


Analog power 


Input 


Connect to Vcc or Vss- 


RD 


Read signal output 


Output 


Kept to open ("H" signal is output) 


WR 


Write signal 
output 


Output 


Kept to open ("H" signal is output). 


RESETqut 


Reset output 


Output 


Kept to open ("H" signal is output) 
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M37450E4-XXXSP/FP 
M37450E4SS/FS 

PROM VERSION of M37450M4-XXXSP/FP 



EPROM MODE 

The M37450E4-XXXSP/FP, M37450E4SS/FS features an 
EPROM mode in addition to its normal modes. When the 
RESET signal level is low ("L") and CNV S s/V P p signal level 
is high ("H") , the chip automatically enters the EPROM 
mode. Table 1 list the correspondence between pins and 
Figure 1 and Figure 2 give the pin connections in the 
EPROM mode. When in the EPROM mode, ports PO, P1, 
P2, P5 0 to P5 2 and CNV SS are used for the PROM 
(equivalent to the M5L2764). When in this mode, the built- 
in PROM can be written to or read from using these pins in 
the same way as with the M5L2764. The oscillator should 
be connected to the X| N and Xout pins, or external clock 
should be connected to the X. 

N P^. 



Table 1. Pin function in EPROM mode 





M37450E4-XXXSP/FP, 
M37450E4SS/FS 


M5L2764 


Vcc 


Vcc 


Vcc 


Vpp 


CN V ss / Vpp 


Vp P 


V SS 


V ss 


Vss 


Address input 


Ports PO, PI0-PI4 


A 0 -A 12 


Data I/O 


Port P2 


D 0 -D 7 


CE 


P5 2 /DB 2 /CE 


CE 


OE 


ps^db^oe 


OE 


PGM 


P5 0 /DB 0 /PGM 


PGM 



77T 

Vss 



v P p- 



Ceramic oscillating circuit 



Tfr 

Vss 



P3 7 /Srdy "*"*" CE 
P36/Sclk E 

P3 5 /TxD [T 

P3 4 /RxD *♦ [T 

- P3 3 /PWM OU T ** E 

P3 2 /EV 3 -*E 

PVEVz — E 

P3Q/EV! ~E 

P5 7 /DB 7 **E 

P5 6 /DB 6 ^E 

P5 5 /DB 5 ~[T7 

P5 4 /DB 4 ~[i2 

P5 3 /DB 3 ~[[3 



— P5 2 /DB 2 /CE~[T4 
— PSi/DBi/OE^Ql 
-P5 0 /DB 0 /PGM *+ E 

P67/W E 

P6 6 /R~E 

P6 5 /CS^E 

P6 4 /AQ~H 

P6 3 /P^~E 

P62/INT3 — E 

PGt/INTs^E 

P60/INT, ~E 

R/W<~E 
SYNC^E 

CNVss/Vpp-»E 

RESET — 

X| N — * 

Xqut^E 

^E 

v ss II 



2 2 

CO CO 

01 01 

o o 

iji o m 

^ -1 ^ 



x 

X 
X 
CO 



CO 
CO 



13 V cc 

63] AV SS — 
1^V REF 

m — d-ai 

U — D-A 2 
I] «- P4 0 /AN 0 - 
U<- P4 1 /AN 1 - 
57) «- P4 2 /AN 2 - 
U ++ P0 0 /A 0 — 
55|+* PTVA, — 
54] pfj 2 /A 2 — 

I] P0 3 /A 3 -• 
U ~ P0 4 /A 4 — 
5}\~P0 S /A S — 
5o| P0 6 /A 6 — 
U *+ P0 7 /A 7 — 
48j^P1 0 /A 8 — 
47|** PVA 9 — 
H~P1 2 /A 10 - 
H~ P1 3 /An - 
44]^P1 4 /A 12 - 
H^P1 5 /A 13 - 
H~P1 6 /A 14 - 
4l]~ P1 7 /A 15 ~ 
4o]— P2 0 /D 0 — 
U«- P2 1 /D 1 — 
U~ P2 2 /D 2 — 
37]~P2 3 /D 3 — 
H ~ P2 4 /D 4 — 
U — P2 5 /D 5 — 
34]~P2 6 /D 6 — 
U++ P2 7 /D 7 — 



(^) : Same functions as M5L2764 



v cc 



■<S5 



-® 
-©■ 
-© 
-© 
-© 
-<§> 
-© 
-© 



Fig. 1 Pin connection in EPROM mode (64-pin model) 
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Vss V CC 



Vss 



1 



« > U Q _i q 
> > X X O DC 

111 Ql CC h- (OIW wco 
0 > *w « O"w>><< o 

Ococococococo wo>>Q<>i^r 
ZQ.Q.nO-Q.Q->><<<QOOQ- 

t t t It t JIfM 



v cc -e- 




tt m i t t t t n t t 



o z 



V ^ V ss C ^.c V SS ©©@®@@©© 
oscillating 
circuit 



(^) : Same functions as M5L2764 

Fig. 2 Pin connection in EPROM mode (80-pin model) 
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PROM READING, WRITING AND ERASING 
Reading 

To read the PROM, set the CE and OE pins to a "L" level, 
and supply OV to the RESET pin, and 5V to the V cc and the 
CNV SS (V PP ) pins. Input the address of the data (A 0 to A 12 ) 
to be read and the data will be output to the I/O pins D 0 to 
D 7 . The data I/O pins will be floating when either the CE or 
OE pins are in the "H" state. 

Writing 

To write to the PROM, set the CE pin to a "L" level and the 
OE pin to a "H" level, and supply OV to the RESET pin, 6V 
to the V cc pin and 21V to the V PP pin. The CPU will enter 
the program mode when V PP is applied to the V PP pin. The 
address to be written to is selected with pins A 0 to A 12 , and 
the data to be written is input to pins D 0 to D 7 . Set the PGM 
pin to a "L" level to begin writing. 

Erasing 

Data can only erased on the M37450E4SS/FS ceramic 
package, which includes a window. To erase data on this 
chip, use an ultraviolet light source with a 2537 Angstrom 
wave length. The minimum radiation power necessary for 
erasing is 15W's/cm 2 . 

NOTES ON HANDLING 

(1) Sunlight and fluorescent light contain wave lengths 
capable of erasing data. For ceramic package types, 
cover the transparent window with a seal (provided) 
when this chip is in use. However, this seal must not 
contact the lead pins. 



(2) Before erasing, the glass should be cleaned and stains 
such as finger prints should be removed thoroughly. If 
these stains are not removed, complete erasure of the 
data could be prevented. 

(3) Since a high voltage (21V) is used to write data, care 
should be taken when turning on the PROM writer's 
power. 

(4) For the programmable microcomputer (shipped in 
blank or OTP type) , Mitsubishi does not perform 
PROM write test and screening in the assembly pro- 
cess and following process. To improve reliability after 
write, performing write and test according to the flow 
below before use is recommended. 



Writing with PROM writer 



Screening (Note) (Leave at 150°C for 40 hours) 
Verify test with PROM writer 

O: 

Function check in target device 



Note '. Since the screening temperature is higher than ' 
storage temperature, never expose to 150°C ex- 
ceeding 100 hours. 



Table 2. I/O signal in each mode 



Pin 

Mode ~~~ — 


CE 


OE 


PGM 


Vpp 


Vcc 


Port P2 


* Read-out 


V, L 


V, L 


V,H 


5V 


5V 


Output 


Programming 


v, L 


V,h 


V, L 


21V 


6V 


Input 


Programming verify 


V, L 


V, L 


V, H 


21V 


6V 


Output 


Program disable 


V,H 


X 


X 


21V 


6V 


Floating 



Note 1 *. V| L and V )H indicate a "L" and "H" input voltage, respectively 



2 : An X indicates either V !L or V| H . 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s 
Output transistors are 
at "OFF" state 


—0. 3 to 7 


y 


v, 


Input voltage RESET, X iN 


—0. 3 to 7 


v 


V| 


Input voltage P0 0 -P0 7l PI0-PI7, P2 0 -P2 7 , 
P3 0 -P3 7) P4 0 -P4 7 , P5 0 -P5 7 , 
P6 0 -P6 7 , ADV REF , DAVr EF , 
Vref, AVcc 


—0. 3 to Vcc+0. 3 


V 


v, 


Input voltage CNV S s 


—0.3 to 13 (Note 1) 


V 


Vo 


Output voltage P0 0 -P0 7 , P1 0 -P1 7 , P2 0 -P2 7 , 
P3 0 -P3 7l P5 0 -P5 7 , P6 0 -P6 7 , 
Xout, 4>, RD. WR, R/W, 
RESETout- SYNC 


-0. 3 to V cc +0. 3 


V 


Pd 


Power dissipation 


T a = 25°C 


1000 (Note 2) 


mW 


Topr 


Operating temperature 




— 10 to 70 


°C 


Tstg 


Storage temperature 




—40 to 125 


°C 



Note 1 : In PROM programming mode, CNV SS is 22. OV 
2 : 500mW for QFP type 



RECOMMENDED OPERATING CONDITIONS 

(V C c=5V±5%, Ta=— 10 to 70°C unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max. 


Vcc 


Supply voltage 


4. 75 


5 


5. 25 


V 


V S s 


Supply voltage 




0 




V 


V,h 


"H" Input voltage RESET, X, N , CNV SS (Notel) 


0. 8V CC 




V C c 


V 


V, H 


"H" Input voltage P0 0 -P0 7 , PI0-PI7, P2 0 -P2 7 , 
P3 0 -P3 7 , P4 0 -P4 7 , P5 0 -P5 7 , 
P6 0 -P6 7 (except Note 1 ) 


2.0 




V C c 


V 


V, L 


"L" Input voltage CNV SS ( Note 1 ) 


0 




0. 2V CC 


V 


V, L 


"L" Input voltage P0 0 -P0 7l PVPI7, P2 0 -P2 7 , 
P3 0 -P3 7 , P4 0 -P4 7 , P5 0 -P5 7 , 
P6 0 -P6 7 (except Note 1) 


0 




0.8 


V 


v, L 


"L" Input voltage RESET 


0 




0.1 2 Vcc 


V 




"L" Input voltage X| N 


0 




0.1 6 V cc 


V 


'oL(peak) 


"L" peak output current P0 0 -P0 7 , PI0-PI7, 
P2 0 -P2 7 , P3 0 -P3 7 , 
P5 0 -P5 7 , P6 0 -P6 7 






10 


mA 


loL(avg) 


"L" average output current POo-P0 7 , PI0-PI7, 
P2 0 -P2 7 , P3 0 -P3 7 , 
P5 0 -P5 7 , P6 0 -P6 7 (Note 2) 






5 


mA 


'oH(peak) 


"H" peak output current P0 0 -P0 7 , PI0-PI7, 
P2 0 -P2 7 , P3 0 -P3 7 , 
P5 0 -P5 7 , P6 0 -P6 7 






-10 


mA 


'oH(avg) 


"H" average output current P0 0 -P0 7 , P1d-P1 7 , 
P2 0 -P2 7 , P3 0 -P3 7 , 
P5 0 -P5 7 , P6 0 -P6 7 (Note 2) 






—5 


mA 


f(x IN ) 


Clock oscillating frequency 


1 




10 


MHz 



Note 1 : Ports operate as INT 1 -INT 3 (P6 0 -P6 2 ), EV 1 -EV 3 (P3 0 -P3 2 ), R X D(P3 4 ) and S CL k(P3 6 ) 

2 ! The average output current loH(avg) an d 'ouavg) are tne average value during a 100ms 

3 The total of "L" output current loL(peak) of P° rt P0. p 1 and P2 ls less than 40mA 

The total of "H" output current l 0 H(peak) 0* port P0, P1 and P2 is less than 40mA 

The total of "L" output current loi_(peak) of port P3, P5, P6, R/W, SYNC, RESET OU t. RD, WR and 
i> is less than 40mA 

The total of "H" output current l 0 H(peak) of port P3, P5, P6, R/W, SYNC, RESET OU t, RD. WR and 
<t> is less than 40mA 
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ELECTRICAL CHARACTERISTICS (Vcc = 5V±5%, V ss = OV, T a = -10 to 70°C, f(X, N ) = 10MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm. 


Typ 


Max 


Vqh 


"H" output voltage RD, WR, R/W, SYNC, RESET 0U t, <t> 


Ioh=— 2mA 


Vcc-1 






V 


Vqh 


"H" output voltage P0 0 -P0 7l PI0-PI7, P2 0 -P2 7 , 
P3 0 -P3 7> P5 0 -P5 7> P6 0 -P6 7 


Ioh =— 5mA 


Vcc-1 






V 


Vol 


"L" output voltage P0 0 -P0 7l PI0-PI7. P2 0 -P2 7 , 
P3 0 -P3 7 , P5 0 -P5 7 , P6 0 -P6 7 , 
RD, WR, R/W, SYNC, RESET 0U t. <fi 


l 0L =2mA 






0. 45 


V 


Vol 


"L" output voltage P0 0 -P0 7 , PI0-PI7, P2 0 -P2 7 , 
P3 0 -P3 7 , P5 0 -P5 7 , P6 0 -P6 7 


l 0 L = 5mA 






1 


V 


V T +-V T - 


Hystensis INTHNT3(P6o-P62), EVi-EV 3 (P3 0 -P3 2 ), 
R X D(P3 4 ), S C lk(P3 6 ) 


Function input level 


0.3 




1 


V 


V T +-V T - 


Hystensis RESET 








0.7 


V 


V t +-V t - 


Hystensis X| N 




0.1 




0.5 


V 


I.l 


"L" input current P0 0 -P0 7 , P1 0 -P1 7 , P2 0 -P2 7 , 
P3 0 -P3 7 , P4 C -P4 7 , P5 0 -P5 7 , 
P6 0 -P6 7 , RESET, X, N 


V,=V SS 


-5 




5 


/uA 


Iih 


"H" input current P0 0 -P0 7 , PI0-PI7. P2 0 -P2 7 , 
P3 0 -P3 7 , P4 0 -P4 7 , P5 0 -P5 7 , 
P6 0 -P6 7 , RESET, X, N 


V|=V CC 


-5 




5 


U A 


Vram 


RAM retention voltage 


At stop mode 


2 






V 


'cc 


Supply current 


At system operation 
f(X, N ) = 10MHz 




6 


10 


mA 


At stop mode (Note 1 ) 




1 


10 


juA 



Note 1 : The terminals RD, WR, R/W, SYNC, RESETqut, <A D-A1 and D-A 2 are all open The other ports, which are in the input mode, are connected 
to V ss A-D converter is in the A-D completion state The current through ADV REF and DAV REF is not mcluded(Fig 6) 



A-D CONVERTER CHARACTERISTICS 

(V cc = AV CC = 5V, V ss = AVss = OV, T a = 25 0 C, f(X, N ) = 1 0MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 




Resolution 








8 


Bits 




Absolute accuracy 


Vcc=AV C c=ADVr EF =5. 12V 




±1.5 


±3 


LSB 


tcONV 


Conversion time 








49 


t c (0) 


V IA 


Analog input voltage 




AV SS 




AV CC 


V 


Vadvref 


Reference input voltage 




2 




Vcc 


V 


Rladder 


Ladder resistance value 


ADV REF =5V 


2 


7.5 


10 


kft 


'lADVREF 


Reference input current 


ADV REF =5V 


0.5 


0.7 


2.5 


mA 


Vavcc 


Analog power supply input voltage 






Vcc 




V 


Vavss 


Analog power supply input voltage 






0 




V 



D-A CONVERTER CHARACTERISTICS (Vcc = 5V, V ss = AV SS = OV, T a = 25°C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 




Resolution 








8 


Bits 




Abusolute accuracy 


Vcc^DAVre^.^V 






1.0 


% 


*su 


Setup time 








3 


us 


Ro 


Output resistance 




1 


2 


4 


kn 


Vavss 


Analog power supply input voltage 






0 




V 


Vdavref 


Reference input voltage 




4 




Vcc 


V 


1 DAVREF 


Reference power input current (Each pin) 




0 


2.5 


5 


mA 
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TIMING REQUIREMENTS 

Port/single-chip mode (v cc =5v±5%, V ss =0V, T a = — 10 to 70°C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ. 


Max 


tsu(POD— 0) 


Port P0 input setup time 




200 






ns 


*SU(P1D— <t>) 


Port P1 input setup time 




200 






ns 


*SU(P2D— i>) 


Port P2 input setup time 




200 






ns 


*SU(P3D— <t>) 


Port P3 input setup time 




200 






ns 


*SU(P4D— 4>) 


Port P4 input setup time 




200 






ns 


*SU(P5D— •/>) 


Port P5 input setup time 




200 






ns 


tsil(P6D— <f>) 


Port P6 input setup time 




200 






ns 


<t> — pod) 


Port P0 input hold time 




40 






ns 


th(<*— pid) 


Port P1 input hold time 




40 






ns 


^h( 4> — P2D) 


Port P2 input hold time 


Fig 3 


40 






ns 


^h( 0 — P3D) 


Port P3 input hold time 




40 






ns 


th(<6-P4D) 


Port P4 input hold time 




40 






ns 


( 4> — P5D ) 


Port P5 input hold time 




40 






ns 


P6D) 


Port P6 input hold time 




40 






ns 


t c (X IN ) 


External clock input cycle time 




100 




1000 


ns 


tw(X| N L) 


External clock input "L" pulse width 




30 






ns 


tw(X|fv|H) 


External clock input "H" pulse width 




30 






ns 


t r (x IN ) 


External clock rising edge time 








20 


ns 


tf(X IN ) 


External clock falling edge time 








20 


ns 



Master CPU bus interface timing (R and W separation type mode) 

(V C c=5V±5%, V ss =0V, T a =— 10 to 70°C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ 


Max 


tsu(cs— R) 


CS setup time 




0 






ns 


tsiKcs— w) 


CS setup time 




0 






ns 


th(R— cs) 


CS hold time 




0 






ns 


th(w— cs) 


CS hold time 




0 






ns 


tsuU— R) 


AO setup time 




40 






ns 


*SU(A— W) 


AO setup time 


Fig 3 


40 






ns 


th(R-A) 


AO hold time 




10 






ns 


th(w— A) 


AO hold time 




10 






ns 


tw(R) 


Read pulse width 




160 






ns 


tw(w) 


Write pulse width 




160 






ns 


*SU(D— W) 


Date input setup time before write 




100 






ns 


th(w— D) 


Date input hold time after write 




10 






ns 



Master CPU bus interface timing (R/W type mode) 

(Vcc=5V±5%, V ss =0V, T a =-10 to 70°C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ 


Max 


tsu(cs— E) 


CS setup time 




0 






ns 


th(E-cs) 


CS hold time 




0 






ns 


tsu(A— E) 


AO setup time 




40 






ns 


th(E-A) 


AO hold time 




10 






ns 


tsil(RW— E) 


R/W setup time 




40 






ns 


th(E— RW) 


R/W hold time 


Fig 4 


10 






ns 


tw(EL) 


Enable clock "L" pulse width 


160 






ns 


t\/V(EH) 


Enable clock "H" pulse width 




160 






ns 


*r(E), 


Enable clock rising edge time 








25 


ns 


tf(E) 


Enable clock falling edge time 








25 


ns 


tSLl(D— E) 


Data input setup time before write 




100 






ns 


th(E-D) 


Data input hold time after write 




10 






ns 
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Local bus/memory expansion mode, microprocessor mode 

(V CC =5V±5%, V ss =0V, T a =— 10 to 70°C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ 


Max 


tsil(D-#) 


Data input setup time 


Fig 5 


130 






ns 


th(«*-D) 


Data input hold time 


0 






ns 


*SU(D— RD) 


Data input setup time 


130 






ns 


*h(RD— D) 


Data input hold time 


0 






ns 
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SWITCHING CHARACTERISTICS 

POll/Single-Chip mode (V 0C =5V±5%, Vss=0V, T a =-10 to 70*C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ 


Max 


tdu— POQ) 


Port PO data output delay time 








200 


ns 


*d(^— piq) 


Port P1 data output delay time 








200 


ns 


td(<*-P2Q) 


Port P2 data output delay time 








200 


ns 


td(<*-P3Q) 


Port P3 data output delay time 








200 


ns 


*d(fl>— P5Q) 


Port P5 data output delay time 








200 


ns 


td(<A— P6Q) 


Port P6 data output delay time 


Fig 3 






200 


ns 


tc(*) 


Cycle time 




400 




4000 


ns 


tw(<6H) 


0 clock pulse width ("H" level) 




190 






ns 




<t> clock pulse width ( "L" level) 




170 






ns 


l r(<*) 


0 clock rising edge time 








20 


ns 


tf(*) 


<f> clock falling edge time 








20 


ns 



Master CPU bus interface (R and W separation type mode) 

(V CC =5V±5%, V ss =0V, T a =— 10 to 70°C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ 


Max 


ta(R-D) 


Data output enable time after read 


Fig 4 






120 


ns 


W(R— D) 


Data output disable time after read 


10 




85 


ns 


tpi_H(R — PR) 


Prdy output transmission time after read 






150 


ns 


tpLH(W— PR) 


Prdy output transmission time after write 






150 


ns 


Master CPU bus interface (R/W type mode) (v C c=5v±5% ) Vss=ov 1 T a =-ioto7o o c I unless otherwise noted) 


Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ 


Max 


ta(E-D) 


Data output enable time after read 


Fig 4 






120 


ns 


tv(E-D) 


Data output disable time after read 


10 




85 


ns 


tpi_H(E— PR) 


Prdy output transmission time after E clock 






150 


ns 



Local bus/memory expansion mode, microprocessor mode 

(V CC =5V±5%, V ss =0V, T a =-10 to 70°C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min 


Typ 


Max 


*d(<*— a) 


address delay time after <f> 








150 


ns 


W( <f> — A) 


address effective time after <t> 




10 






ns 


*V(RD— A) 


address effective time after RD 




10 






ns 


tv(WR— A) 


address effective time after WR 




10 






ns 


*d(<»— d) 


data output delay time after <j> 








160 


ns 


td(WR— D) 


data output delay time after WR 


Fig 5 






160 


ns 


tv( <t> — D) 


data output effective time after <f> 


20 






ns 


*V(WR— D) 


data output effective time after WR 




20 






ns 


td(<£— RW) 


R/W delay time after <t> 








150 


ns 


*d(<*— SYNC) 


SYNC delay time after 4> 








150 


ns 


tw(RD) 


RD pulse width 




170 






ns 


tw(WR) 


WR pulse width 




170 






ns 
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TEST CONDITION 

Input voltage level ' V| H 2. 4V 
V, L 0.45V 
Output test level : V OH 2. 0V 
Vol 0.8V 




Fig. 3 Test circuit in 

single-chip mode 



-e- 





Fig. 4 Master CPU bus interface 
test circuit 



Fig. 5 Local bus test circuit 



PO 

P1 

P2 
P3 
P4 
P5 
P6 

CNV S < 

AV SS 

V ss 



Vcc 
AVcc 



ADV REF 
DAV REF 

D-A1 
D-A2 
RD 
WR 
R/W 
SYNC 
RESETqut 



f-wv— < ■ 



'cc 

(test point) 

other power 
supply 



> open 



Fig. 6 Ice (at STOP mode) test condition 
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TIMING DIAGRAM 

Port/single-chip mode timing diagram 



Port Pi input 



Port Pi output 



|_ tc(X, N ) _ t W ( X|N H) , 


t W ( X|N L) 












tf(x, N ) — 


-\ 






-«-tr(x, N ) 



tc<#) 



tw(<*H) 
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Note : V, H =0. 8V CC . V, L =0. 16V CC of X, N 



Master CPU bus interface/ R and W separation type timing diagram 
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Write 
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Master CPU interface/ R/W type timing diagram 
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Local bus timing diagram 
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CPU write 
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DESCRIPTION 

The M37450E8-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
64-pin shrink plastic molded DIP. The features of this chip 
are similar to those of the M37450M8-XXXSP except that 
this chip has a 16384-byte PROM built-in. This single-chip 
microcomputer is useful for office automation appliances 
and consumer appliance controller. 

In addition to its simple instruction sets, the PROM, RAM 
and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose PROM 
writes can be used for small quantity production runs. It 
also has a unique feature that enables it to be used as a 
slave microcomputer. 

The M37450E8SS and the M37450E8FS are the window 
type (M37450E8FS is housed in a 80-pin ceramic QFN 
package). The differences between the M37450E8-XXXSP 
and the M37450E8-XXXFP, and between the M37450E8SS 
and the M37450E8FS are the package outline and the pow- 
er dissipation ability (absolute maximum ratings). 

FEATURES 

• Number of basic instructions 71 

69 MELPS 740 basic instructions + 2 multiply/divide 
instructions 

• Memory size EPROM 16384 bytes 

RAM 384 bytes 

• Instruction execution time 

(minimum instructions at 10 MHz frequency) 0.8jus 

• Single power supply 5V±5% 

• Power dissipation normal operation mode 

(at 10 MHz frequency) 30mW 

• Subroutine nesting 96 levels max. 

• Interrupt 15 events 

• Master CPU bus interface 1 byte 

• 16-bit timer 3 

• 8-bit timer (Serial I/O use) 1 

• Serial I/O (UART or clock synchronous) 1 

• A-D converter (8-bit resolution) 3 channels (DIP) 

8 channels (QFP) 

• D-A converter (8-bit resolution) 2 channels 

• PWM output (8-bit or 16-bit) • 1 

• Programmable I/O ports 

(Ports P0, P1, P2, P3, P5, P6) 48 

• Input port (Port P4) 3 (DIP), 8 (QFP) 

• Output ports (Ports D-A 1( D-A 2 ) 2 

• EPROM (equivalent to the M5L27256) 

program voltage • 12.5V 

APPLICATION 

Slave controller for PPCs, facsimiles, and page printers 
HDD, optical disk, inverter, and industrial motor controllers 
Industrial robots and machines 



PIN CONFIGURATION (TOP VIEW) 



I/O port 
P3 



I/O port 
P5 



P3 7 /Sr DY "*~*"0E 
P3 6 /Sclk~[Z 
P3 5 /TxD |T 
P3 4 /RxD E 
P3 3 /PWM OU T~[I 
P3 2 /EV 3 {£ 

PSq/EV^E 
P5 7 /DB 7 **|T 
P5 6 /DB 6 ~[! 
P5 5 /DB 5 ~[jI 
P5 4 /DB 4 ++[li 

p5 3 /db 3 ++ m 

P5 2 /DB 2 /CE [H 
PS^DB^OE^ITi 
P5o/DB 0 /A 14 «-Il6 

P6 7 /W in 

P6 6 /R m 

P6 5 /CS 01 

P64/AO ++ H 

P6 3 /Prdy~HI 

P6 2 /INT 3 ^H 

Pe^lNT^H 

P6Q/INT! <~|24 

R/W«-[25 

Synchronous signal ovm/^ ^_ foe 
output bYNU«-l2b 

CNVss/Vpp — H 

Reset input RESET -+ H 

Clock Input X jN — [29 

Clock output Xout *~ IM 

Timing output <f, «— [3T 

V ss H 



I/O port 
P6 



Read/Write 
status output 
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D-A! 
D-A 2 
I] «- P4 0 /AN 0 
I§J«- PVAN, 
57] «~ P4 2 /AN 2 
H~P0 o /A o 
Pd/Ai 
54]** P0 2 /A 2 
H^P0 3 /A 3 
P0 4 /A 4 
ITJ^POs/As 
H~P0 6 /A 6 
49]++ P0 7 /A 7 
H^P1 0 /A 8 
47]++ PVA 9 
U++P1 2 /A 10 
H-^PIa/An 
D++ P1 4 /A 12 
I-PI5/A13 
H++P1 6 /A 14 
4l]++P1 7 /A 15 
4o]++P2o/D 0 
H++ P2 1 /D 1 
P2 2 /D 2 
37] P2 3 /D 3 
H ++ P2 4 /D 4 
U^P25/D 5 
H++P2 6 /D 6 
33]*+ P2 7 /D 7 



Outline 



64P4B 
64S1B 



(OTP) 
(Window) 
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P3,/EV 2 - 
P3 0 /EV, 
P5 7 /DB 7 - 
P5 6 /DB 6 
P5 6 /DB 6 ■ 
P5 4 /DB 4 - 
P5 3 /DB3- 
P5 2 /DB 2 /CE- 
P5,/DB,/OE- 
P5 0 /DB 0 /Ai4 ■ 
P6 7 /W ■ 
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P6/INT2- 
P6q/INTi ■ 
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D-A output 



Input 
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I/O port 
P0 



I/O port 
P1 



I/O port 
P2 



NC : No 
connection 
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FUNCTIONS OF M37450E8-XXXSP/FP, M37450E8SS/FS 



Parameter 


Functions 


Number of basic instructions 


71(69 MELPS 740 basic instructions+2) 


Instruction execution time 


0. 8//s (minimum instructions, at 10MHz frequency) 


Clock frequency 


10MHz (max ) 


Memory size 


PROM 


16384 bytes 


RAM 


384 bytes 


Input/Output port 


P0-P3, P5, P6 


I/O 


8-bitX6 


P4 


Input 


3-bitX1 (8-bitX1 for 80-pin model) 


D-A 


Output 


2-bitX1 


Serial I/O 


UART or clock synchronous 


Timers 


16-bit timerX3, 

8-bit timer (Serial I/O baud rate generator) X1 


A-D converter 


8-bitX3 channels (8 channels for 80-pin model) 


D-A converter 


8-bitX2 channels 


Pulse width modulator 


8-bit or 16-bitXl 


Data bus buffer 


1-byte input and output each 


Subroutine nesting 


96-levels 


interrupt 


6 external interrupts, 8 internal interrupts 
One software interrupt 


Clock generating circuit 


Built-in (ceramic or quarts crystal oscillator) 


Supply voltage 


5V±5% 


Power dissipation 


30mW (at 10MHz frequency) 


Input/Output characters 


Input/Output voltage 


5V 


Output current 


±5mA (max.) 


Memory expansion 


Possible 


Operating temperature range 


-10 to 70°C 


Device structure 


CMOS silicon gate 


Package 


M37450E8-XXXSP 


64-pin shrink plastic molded DIP 


M37450E8-XXXFP 


80-pin plastic molded QFP 


M37450E8SS 


64-pin shrink ceramic DIP 


M37450E8FS 


80-pin ceramic QFN 
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PIN DESCRIPTION (normal mode) 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc. 
V SS 


Supply voltage 




Power supply inputs 5V±5% to Vcc. and OV to Vss 


CNV SS /V PP 


CNVss 




Controls the processor mode of the chip Normally connected to Vss or Vcc- 


RESET 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 8 clock cycles (under nor- 
mal Vcc conditions) If more time is needed for the crystal oscillator to stabilize, this "L" condition should 
be maintained for the required time 


X|N 


Clock input 


Input 


This chip has an internal clock generating circuit To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xin and Xout pms If an external clock is used, the clock 
source should be connected to the X| N pin and the X 0 ut pin should be left open. 


XoUT 


Clock output 


Output 




Timing output 


Output 


Outputs signal consisting of oscillating frequency divided by four 


SYNC 


Synchronous 
signal output 


Output 


This signal is output "H" during operation code fetch and is used to control single stepping of programs. 


R/W 


Read/Write 
status output 


Output 


This signal determines the direction of the data bus It is "H" during read and "L" during write 


P0 o -P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output. The output structure is CMOS output. The low-order bits of the address are output except 
in single-chip mode. 


PI0-PI7 


i/u port P 1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO The high-order bits of the 
address are output except in single-chip mode 


P2 0 -P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO Used as data bus except in 
single-chip mode. 


P3o-P3 7 


i/U port Po 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO Serial I/O, PWM output, or 
event I/O function can be selected with a program. 


P4 0 -P42 
(P4 0 -P4 7 ) 


Input port P4 


Input 


Analog input pin for the A-D converter The 64-pin model has three pins and the 80-pin model has eight 
pins. They may also be used as digital input pins 


P5o-P5 7 


i/u port PO 


I/O 


Port P5 is an 8-bit I/O port and has basically the same functions as port PO This port functions as an 8-bit 
data bus for the master CPU when slave mode is selected with a program. 


P6 0 -P6 7 


i/U port Po 


I/O 


Port P6 is an 8-bit I/O port and has basically the same function as port PO Pins P63 to P67 change to a con- 
trol bus for the master CPU when slave mode is selected with a program Pins P60 to P62 may be program- 
med as external interrupt input pins 


D-A^ d-a 2 


D-A output 


Output 


Analog signal from D-A converter is output 


V ref 


Reference voltage 
input 


Input 


Reference voltage input pin for A-D and D-A converter This pin is for 64-pin model only 


ADV REF 


A-D reference 
voltage input 


Input 


Reference voltage input pin for A-D converter This pin is for 80-pin model only 


DAV REF 


D-A reference 
voltage input 


Input 


Reference voltage input pin for D-A converter This pin is for 80-pin model only 


AV SS 


Analog power supply 




Ground level input pin for A-D and D-A converter Same voltage as V S s is applied. 


AVcc 


Analog power supply 




Power supply input pin for A-D converter. This pin is for 80-pin model only Same voltage as V C c is applied. 
In the case of the 64-pin model, AV C c is connected to V C c internally. 


RD 


Read signal 
output 


Output 


Control signal output as active "L" when valid data is read from data bus This pin is for 80-pin model only. 


WR 


Write signal 
output 


Output 


Control signal output as active "L" when writing data from data bus to external component This pin is for 
80-pin model only 


RESETqut 


Reset output 


Output 


Control signal output as active "H" during reset It is used as a reset output signal for peripheral compo- 
nents This pin is for 80-pin model only 
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PIN DESCRIPTION (EPROM mode) 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc, V ss 


Supply voltage 




Power supply inputs 5V or 6V to Vcc. and OV to Vss 


CNVss/Vpp 


Vp P 


Input 


Connect to Vpp when programming or verifing 


RESET 


Reset input 


Input 


Connect to Vss- 




Clock input 


Input 


Connect a ceramic or a quartz crystal oscillator between X| N and X 0 ut for clock oscillation 




Clock output 


Output 




Timing output 


Output 


For timing output 


SYNC 


Synchronous 
signal output 


Output 


Kept to open ("L" signal is output) 


R/W 


Read/Write 
status output 


Output 


Kept to open ("H" signal is output). 


P0 0 -P0 7 


I/O port PO 


Input 


PO works as the lower 8-bit address input 


PI0-PI7 


I/O port P1 


Input 


P1o to PI5 works as the higher 6-bit address input. P16 and PI7 connect to Vcc or Vss 


P2 0 -P2 7 


f/O port P2 


I/O 


P2 works as an 8-bit data bus. 


P3 0 -P3 7 


I/O port P3 


Input 


Connect to V S s- 


P4 0 -P4 2 
(P4 0 -P4 7 ) 


Input port P4 


Input 


Connect to V S s (The 80-pin model has eight pins P4o to P4 7 ). 


P5 0 -P5 7 


I/O port P5 


Input 


P5 0 , P5i and P5 2 work as A 14) OE, and CE inputs respectively. Connect P53 and P5 4 to V C c and P5 5 to P5 7 
to V ss . 


P6 0 -P6 7 


I/O port P6 


Input 


Connect to V S s 


D-A 1( D-A 2 


D-A output 


Output 


Kept to open. 


V REF 


Reference voltage 
input 


Input 


Connect to V S s 


ADV REF 


A-D reference 
voltage input 


Input 


Connect to V S s 


DAV REF 


D-A reference 
voltage input 


Input 


Connect to V S s- 


AV SS 


Analog power 


Input 


Connect to V S s- 


AV CC 


Analog power 


Input 


Connect to V C c or V S s 


RD 


Read signal output 


Output 


Kept to open ("H" signal is output) 


WR 


Write signal 
output 


Output 


Kept to open ("H" signal is output) 


RESETqut 


Reset output 


Output 


Kept to open ("H" signal is output) 
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EPROM MODE 

The M37450E8-XXXSP/FP, M37450E8SS/FS features an 
EPROM mode in addition to its normal modes. When the 
RESET signal level is low ("L") and CNV SS /Vpp signal level 
is high ("H") , the chip automatically enters the EPROM 
mode. Table 1 list the correspondence between pins and 
Figure 1 and Figure 2 give the pin connections in the 
EPROM mode. When in the EPROM mode, ports PO, P1, 
P2, P5 0 to P5 2 and CNV SS are used for the PROM 
(equivalent to the M5L27256) . When in this mode, the 
built-in PROM can be written to or read from using these 
pins in the same way as with the M5L27256. The oscillator 
should be connected to the X| N and 

Xqut pins, or external 
clock should be connected to the X !N pin. 



Table 1. Pin function in EPROM mode 





M37450E8-XXXSP/FP, 
M37450E8SS/FS 


M5L27256 


Vcc 


Vcc 


Vcc 


V PP 


CN V ss / Vpp 


Vpp 


Vss 


V S s 


V SS 


Address input 


Ports PO, PI0-PI5, P5 0 


A 0 -A 14 


Data I/O 


Port P2 


D 0 -D 7 


CE 


P5 2 /DB 2 /CE 


CE 


OE 


ps^dBt/oe 


OE 




Oscillating circuit 



E V cc 

H AV SS 

H-v REF — 

U] — D-A, 
U — D-A 2 
H<- P4 0 /AN„- 
<- P4/AN! - 
iZ| P4 2 /AN 2 - 
56]^P0o/A o - 

H*- prvA! — 

54] P0 2 /A 2 — 

ll<~P03/A3 ~ 

il — PO4/A4 - 

lO^POg/As - 
50l^PO 6 /A 6 - 
H *+ P0 7 /A 7 — 
U~P1 0 /A 8 — 
47] — P1i /a 9 — 
U^P1 2 /A 10 - 
U-Pla/A^ - 
44] ~ P1 4 /A 12 - 
H~ P1 5 /A 13 - 
H~P1 6 /A 14 - 
4j]-P1 7 /A 15 - 
40l~P2o/Do — 
H*>P2 1 /D 1 — 
U~ P2 2 /D 2 — 
37j^P2 3 /D 3 — 
~ P2 4 /D 4 — 
U~P2 5 /D 5 — 
"B ~ P2 6 /D 6 — 
U P2 7 /D 7 — 



-V CC 



M5L27256 



Vss 



-© 
"© 
-© 
-© 
~© 
-© 
"® 
-© 
~® 



-© 
-© 
-® 



-© 



-e-vcc 



Fig. 1 Pin connection in EPROM mode (64-pin model) 
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Vss V CC 



r 

Vss 



Q Q 3 



1 

Vss 



Oeococococ^co 8 8 
ZQ.Q.0lQ.0lD->> 



o>>Q<"''* 
- < < < Q Q Q 0. 



( 1 1 t t t 1 I t t I 




P4 1 /AN 1 — T3r 
P4 2 /AN 2 — , v ss 
P4 3 /AN 3 — 
P4 4 /AN 4 — < 
P4 5 /AN 5 — . 
P4 6 /AN 6 
P4 7 /AN 7 — J 

P0 o /A o (g) 

PO^A! Q 

P0 2 /A 2 <£) 

PO3/A3 ® 

PO4/A4 <£) 

P0 5 /A 5 (g) 

P0 6 /A 6 @ 

P0 7 /A 7 <£) 

P1 0 /A 8 (£) 

P^/Ag (g) 

P1 2 /A 10 © 

PI3/AH @ 

P1 4 /A 12 @ 

P1 5 /A 13 § 

PVAh 

P1 7 /A 15 

NC 



yyyyyi^|^yyyy|^l37j|3^l39jl40] 

t 1 1 1 nt n nj e 

MQQQQQQQQ 



in •*» 



Vpp Vss 
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V C c 



Oscillating 
circuit 



: Same functions as M5L27256. 



Fig. 2 Pin connection in EPROM mode (80-pin model) 
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PROM READING, WRITING AND ERASING 
Reading 

To read the PROM, set the CE and OE pins to a "L" level, 
and supply OV to the RESET pin, 5V to the V cc pin and the 
CNV SS (V PP ) pin. Input the address of the data (A 0 to A 14 ) 
to be read and the data will be output to the I/O pins D 0 to 
D 7 . The data I/O pins will be floating when the OE pin is in 
the "H" state. 

Writing 

To write to the PROM, set the OE pin to a "H" level, and 
supply OV to the RESET pin, 6V to the V cc pin and 12.5V to 
the V PP pin. The CPU will enter the program mode when 
Vp P is applied to the V PP pin. The address to be written to 
is selected with pins A 0 to A 14 , and the data to be written is 
input to pins D 0 to D 7 . Set the CE pin to a "L" level to begin 
writing. 

Erasing 

Data can only erased on the M37450E8SS/FS ceramic 
package, which includes a window. To erase data on this 
chip, use an ultraviolet light source with a 2537 Angstrom 
wave length. The minimum radiation power necessary for 
erasing is 15W*s/cm 2 . 



MITSUBISHI MICROCOMPUTERS 

M37450E8-XXXSP/FP 
M37450E8SSFS 
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NOTES ON HANDLING 

(1) Sunlight and fluorescent light contain wave lengths 
capable of erasing data. For ceramic package types, 
cover the transparent window with a seal (provided) 
when this chip is in use. However, this seal must not 
contact the lead pins. 

(2) Before erasing, the glass should be cleaned and stains 
such as finger prints should be removed thoroughly. If 
these stains are not removed, complete erasure of the 
data could be prevented. 

(3) Since a high voltage is used to write data, care should 
be taken when turning on the PROM writer's power. 

(4) For the programmable microcomputer (shipped in 
blank or OTP type) , Mitsubishi does not perform 
PROM write test and screening in the assembly pro- 
cess and following process. To improve reliability after 
write, performing write and test according to the flow 
below before use is recommended. 

(5) In EPROM mode, address A 15 is set to "H" automati- 
cally. 



Writing with PROM writer 



Screening (Note) (Leave at 150°C for 40 hours) 
Verify test with PROM writer 




Function check in target device 



Note ' Since the screening temperature is higher than 
storage temperature, never expose to 150°C ex- 
ceeding 100 hours. 



Table 2. I/O signal in each mode 



Pin 












Mode ~~ — 


CE 


OE 


v PP 


Vcc 


Port P2 


Read-out 


V 1L 


V,l 


5V 


5V 


Output 


Output disable 


v, L 


V, H 


5V 


5V 


Floating 


Programming 


V, L 


V, H 


12. 5V 


6V 


Input 


Programming verify 


V, H 


V, L 


12. 5V 


6V 


Output 


Program disable 


V, H 


V, H 


12. 5V 


6V 


Floating 



Note 1 '. V| L and V, H indicate a "L" and "H" input voltage, respectively. 
2 '. An X indicates either V, L or V| H . 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


V CC 


Supply voltage 


With respect to V S s 
Output transistors are 
at "OFF" state 


-0. 3 to 7 


V 


v, 


Input voltage RESET, X, N 


-0. 3 to 7 


V 


v, 


Input voltage P0 0 -P0 7 , P1o-P17> P2o-P2 7 , 
P3 0 -P3 7 , P4 0 -P4 7 , P5 0 -P5 7 , 
P6 0 -P6 7 , ADV REF( DAV REFl 
Vref, AVcc 


—0. 3 to Vcc+0. 3 


V 


v, 


Input voltage CNV S s 


—0.3 to 13 (Note 1) 


V 


V 0 


Output voltage P0 0 -P0 7l P1 0 -P1 7 , P2 0 -P2 7> 
P3 0 -P3 7 , P5 0 -P5 7 , P6 0 -P6 7l 
Xout, <t>> RD. WR, R/W, 
RESETout, SYNC 


—0. 3 to Vcc+0. 3 


V 


Pd 


Power dissipation 


T a = 25°C 


1000 (Note 2) 


mW 


Topr 


Operating temperature 




-10 to 70 


°C 


Tstg 


Storage temperature 




—40 to 125 


°C 



Note 1 : In EPROM programming mode, CNV SS is 13.5V. 
2 : 500m W for QFP type 



RECOMMENDED OPERATING CONDITIONS 

(V CC =5V±5%, Ta=-10 to70°C unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


4. 75 


5 


5. 25 


V 


V SS 


Supply voltage 




0 




V 


V IH 


"H" Input voltage RESET, X m , CNV SS (Notel) 


0. 8V CC 




Vcc 


V 


V,H 


"H" Input voltage P0 0 -P0 7 , P1 0 -P1 7> P2 0 -P2 7 , 
P3 0 -P3 7 , P4 0 -P4 7 , P5 0 -P5 7 , 
P6 0 -P6 7 (except Note 1) 


2.0 




Vcc 


V 


v IL 


"L" Input voltage CNV SS (Note 1 ) 


0 




0. 2V CC 


V 


V, L 


"L" Input voltage P0 0 -P0 7 , P1 0 -P1 7 ,-P2 0 -P2 7 , 
P3 0 -P3 7) P4 0 -P4 7 , P5 0 -P5 7 , 
P6 0 -P6 7 (except Note 1 ) 


0 




0.8 


V 


V IL 


"L" Input voltage RESET 


0 




0.12V CC 


V 


V IL 


"L" Input voltage Xin 


0 




0.1 6 V cc 


V 


'oL(peak) 


"L" peak output current P0 0 -P0 7 , P1 0 -P1 7 , 
P2 0 -P2 7 , P3 0 -P3 7 , 
P5 0 -P5 7 , P6 0 -P6 7 






10 


mA 


'oL(avg) 


"L" average output current P0 0 -P0 7 , P1 0 -P1 7l 
P2 0 -P2 7 , P3 0 -P3 7 , 
P5 0 -P5 7 , P6 0 -P6 7 (Note 2) 






5 


mA 


'oH(peak) 


"H" peak output current P0 0 -P0 7 , P1 0 -P1 7 , 
P2 0 -P2 7 , P3 0 -P3 7 , 
P5 0 -P5 7 , P6 0 -P6 7 






-10 


mA 


'oH(avg) 


"H" average output current P0 0 -P0 7 , P1o-P1 7 > 
P2 0 -P2 7 , P3 0 -P3 7 , 
P5 0 -P5 7 , P6 0 -P6 7 (Note 2) 






—5 


mA 


f(x, N ) 


Clock oscillating frequency 


1 




10 


MHz 



Note 1 Ports operate as INT 1 -INT 3 (P6o-P6 2 ), EV 1 -EV 3 (P3 0 -P3 2 ), R X D(P3 4 ) and S CLK (P3 6 ) 

2 : The average output current l 0 H(avg) and louavg) are the average value during a 100ms 

3 : The total of "L" output current loupeak) of port P0, P1 and P2 is less than 40mA 

The total of "H" output current l 0 H(peak) of port P0, P1 and P2 ]s less than 40mA. 

The total of "L" output current loupeak) of port P3, P5, P6, R/W, SYNC, RESET OU t, RD, WR and 
4> is less than 40mA 

The total of "H" output current l 0 H(peak) of port P3, P5, P6, R/W, SYNC, RESET OU t> RD, WR and 
<t> is less than 40mA 
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ELECTRICAL CHARACTERISTICS (Vcc = 5V±5%, V ss = OV, T a = -10 to 70°C, f(X IN ) = 10MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 




Mm. 


Typ. 


Max. 


VoH 


"H" output voltage RD, WR, R/W, SYNC, RESET 0 ut, <t> 


l 0 H=-2mA 


Vcc-1 






V 


VqH 


"H" output voltage PO 0 -P0 7 , PI0-PI7, P2 0 -P2 7 , 
P3 0 -P3 7 , P5 0 -P5 7 , P6 0 -P6 7 


Ioh =— 5mA 


Vcc-1 






V 


Vol 


"L" output voltage P0 0 -P0 7 , P1 0 -P1 7 , P2 0 -P2 7) 
P3 0 -P3 7 , P5 0 -P5 7 , P6 0 -P6 7l 
RD, WR, R/W, SYNC, RESET 0 ut, <t> 


l 0L =2mA 






0. 45 


V 


Vol 


"L" output voltage P0 0 -P0 7 , P1 0 -P1 7 , P2 0 -P2 7 , 
P3 0 -P3 7 , P5 0 -P5 7 , P6 0 -P6 7 


loL = 5mA 






1 


V 


V T +-V T _ 


Hystensis INTHNTaCPSo-PSz), E^^EM Z {PZ Q -PZ Z ), 
R X D(P3 4 ), S CL k(P3 6 ) 


Function input level 


0. 3 




1 


V 


V T +-V T _ 


Hysterisis RESET 








0.7 


V 


V t +-V t _ 


Hysterisis Xin 




0.1 




0.5 


V 


I.L. 


"L" input current P0 0 -P0 7 , PI0-PI7. P2 0 -P2 7 , 
P3 0 -P3 7 , P4 0 -P4 7l P5 0 -P5 7 , 
P6 0 -P6 7 , RESET, X, N 


Vi=V ss 


-5 




5 


juA 


I.H 


"H" input current P0 0 -P0 7> P1 0 -P1 7 , P2 0 -P2 7 , 
P3 0 -P3 7 , P4 0 -P4 7> P5 0 -P5 7 , 
P6 0 -P6 7 , RESET, X, N 


V,=V CC 


-5 




5 




Vram 


RAM retention voltage 


At stop mode 


2 






V 


'cc 


Supply current 


At system operation 
f(X, N ) = 10MHz 




6 


10 


mA 


At stop mode ( Note 1 ) 




1 


10 





Note 1 : The terminals RD, WR, R/W, SYNC, RESET OU t> <t>, D-A! and D-A 2 are all open The other ports, which are in the input mode, are connected 
to V S s A-D converter is in the A-D completion state. The current through ADV REF and DAV REF is not included(Fig 6) 

A-D CONVERTER CHARACTERISTICS 

(Vcc = AVcc = 5V, Vss = AVss = 0V, T a = 25t, f(X, N ) = 10MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 




Resolution 








8 


Bits 




Absolute accuracy 


V C c=AVcc=ADV REF =5. 12V 




±1.5 


±3 


LSB 


tcONV 


Conversion time 








49 


tc(0) 


V,a 


Analog input voltage 




AV SS 




AV CC 


V 


Vadvref 


Reference input voltage 




2 




Vcc 


V 


Rladder 


Ladder resistance value 


ADV REF =5V 


20 


35 


50 


kQ 


'lADVREF 


Reference input current 


ADV REF =5V 


0.1 


0.14 


0. 25 


mA 


Vavcc 


Analog power supply input voltage 






Vcc 




V 


Vavss 


Analog power supply input voltage 






0 




V 



D-A CONVERTER CHARACTERISTICS (Vcc = 5V, V ss = AV SS = OV, T a = 25C, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm 


Typ 


Max 




Resolution 








8 


Bits 




Absolute accuracy 


V C c=DAV REF =5.12V 






1.0 


% ■ 


*su 


Setup time 








3 


MS 


Ro 


Output resistance 




1 


2 


4 


kO 


Vavss 


Analog power supply input voltage 






0 




V 


Vdavref 


Reference input voltage 




4 




Vcc 


V 


I DAVREF 


Reference power input current (Each pin) 




0 


2.5 


5 


mA 
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TIMING REQUIREMENTS 

POrt/Single-Chip mode (V CC =5V±5%, Vss=0V, T a =-10 to 70"C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min. 


Typ 


Max 


*su(pod— <f>) 


Port PO input setup time 


Fig 3 


200 






ns 


tsu(Pi D — <f>) 


Port P1 input setup time 


200 






ns 


tsil(P2D— <t>) 


Port P2 input setup time 


200 






ns 


tsU(P3D— <fi) 


Port P3 input setup time 


200 






ns 


*SU(P4D— <f>) 


Port P4 input setup time 


200 






ns 


*SU(P5D— 4>) 


Port P5 input setup time 


200 






ns 


tsU(P6D— <f) 


Port P6 input setup time 


200 






ns 


*h(^— POD) 


Port PO input hold time 


40 






ns 


th(<*— P1D) 


Port P1 input hold time 


40 






ns 


th(«>-P2D) 


Port P2 input hold time 


40 






ns 


th(*— P3D) 


Port P3 input hold time 


40 






ns 


th(<*— P4D) 


Port P4 input hold time 


40 






ns 


*h(^— P5D) 


Port P5 input hold time 


40 






ns 


th(<*— P6D) 


Port P6 input hold time 


40 






ns 


tc(X IN ) 


External clock input cycle time 


100 




1000 


ns 


tw(X| N L) 


External clock input "L" pulse width 


30 






ns 


tw(X|NH) 


External clock input "H" pulse width 


30 






ns 


t r (x IN ) 


External clock rising edge time 






20 


ns 


tf(X IN ) 


External clock falling edge time 






20 


ns 


Master CPU bus interface timing (R and W separation type mode) 

(V CC =5V±5%, V ss =0V, T a =— 10 to 70°C, unless otherwise noted) 


Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm. 


Typ 


Max 


tsu(cs— R) 


CS setup time 


Fig 3 


0 






ns 


tsu(cs— w) 


CS setup time 


0 






ns 


*h(R— cs) 


CS hold time 


0 






ns 


th(w— cs) 


CS hold time 


0 






ns 


tsu(A— R) 


AO setup time 


40 






ns 


tsu(A— w) 


AO setup time 


40 






ns 


th(R-A) 


AO hold time 


10 






ns 


th(w— A) 


AO hold time 


10 






ns 


tw(R) 


Read pulse width 


160 






ns 


tw(w) 


Write pulse width 


160 






ns 


*SU(D— W) 


Date input setup time before write 


100 






ns 


th(w— D) 


Date input hold time after write 


10 






ns 



Master CPU bus interface timing (R/W type mode) 

(V CC =5V±5%, V ss =0V, T a =~10 to 70°C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ 


Max 


tsu(cs— E) 


CS setup time 




0 






ns 


th(E-cs) 


CS hold time 




0 






ns 


tsu(A— E) 


AO setup time 




40 






ns 


th(E-A) 


AO hold time 




10 






ns 


*SU(RW— E) 


R/W setup time 




40 






ns 


th(E— RW) 


R/W hold time 


Fig. 4 


10 






ns 


tw(EL) 


Enable clock "L" pulse width 


160 






ns 


tw(EH) 


Enable clock "H" pulse width 




160 






ns 


*r(E) 


Enable clock rising edge time 








25 


ns 


tf(E) 


Enable clock falling edge time 








25 


ns 


tsil(D— E) 


Data input setup time before write 




100 






ns 


th(E-D) 


Data input hold time after write 




10 






ns 



I 
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Local bus/memory expansion mode, microprocessor mode 

(V CC =5V±5%, Vss=0V, T a =-10 to 70°C ( unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min. 


Typ. 


Max. 


tsil(D-<4) 


Data input setup time 


Fig. 5 


130 






ns , 


th(^-D) 


Data input hold time 


0 






ns 


*SU(D— RD) 


Data input setup time 


130 






ns 


th(RD — D) 


Data input hold time 


0 






ns 
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SWITCHING CHARACTERISTICS 

POll/Single-Chip mode (V cc =5V+5%, V ss =0V, T a =-10 to 70"C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min 


Typ. 


Max. 


*d(0— POQ) 


Port PO data output delay time 


Fig 3 






200 


ns 


td(i»-piQ) 


Port P1 data output delay time 






200 


ns 


t d(^-P2Q) 


Port P2 data output delay time 






200 


ns 


t(jU— P3Q) 


Port P3 data output delay time 






200 


ns 


td(0— P5Q) 


Port P5 data output delay time 






200 


ns 


*d(*— P6Q) 


Port P6 data output delay time 






200 


ns 


tc(<6) 


Cycle time 


400 




4000 


ns 


tw(^H) 


4> clock pulse width ("H" level) 


190 






ns 


tw( 4>D 


</> clock pulse width ("L" level) 


170 






ns 




<t> clock rising edge time 






20 


ns 


tf(*) 


<f> clock falling edge time 






20 


ns 


Master CPU bus interface (R and W separation type mode) 

(V C c=5V±5%, V S s=0V, T a =-10 to 70°C, unless otherwise noted) 


Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min 


Typ 


Max 


*a(R— d) 


Data output enable time after read 


Fig 4 






120 


ns 


W(R— D) 


Data output disable time after readr 


10 




85 


ns 


tpi_H(R— PR) 


Prdy output transmission time after read 






150 


ns 


*PLH(W— PR) 


Prdy output transmission time after write 






150 


ns 


Master CPU bus interface (R/W type mode) (v cc =5v±5%, v ss =ov, T a =-io to 7o°c, unless otherwise noted) 


Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm. 


Typ. 


Max. 


ta(E-D) 


Data output enable time after read 


Fig 4 






120 


ns 


*V(E-D) 


Data output disable time after read 


10 




85 


ns 


*PLH(E— PR) 


Prdy output transmission time after E clock 






150 


ns 



Local bus/memory expansion mode, microprocessor mode 

(V CC =5V±5%, V ss =0V, T a =-10 to70°C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ 


Max 


*d(<*-A) 


address delay time after <f> 








150 


ns 


W( 4> — a) 


address effective time after <j> 




10 






ns 


W(RD— A) 


address effective time after RD 




10 






ns 


W(WR— A) 


address effective time after WR 




10 






, ns 


*d(*-D) 


data output delay time after <f> 








160 


ns 


*d(WR— D) 


data output delay time after WR 


Fig 5 






160 


ns 


W( 4> — D) 


data output effective time after <f> 


20 






ns 


tv(WR— D) 


data output effective time after WR 




20 






ns 


*d(<*— RW) 


R/W delay time after <j> 








150 


ns 


*d(^~ SYNC) 


SYNC delay time after <f> 








150 


ns 


tw(RD) 


RD pulse width 




170 






ns 


tw(WR) 


WR pulse width 




170 






ns 
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TEST CONDITION 

Input voltage level V| H 2. 4V 
V IL 0.45V 
Output test level : V OH 2. 0V 
Vol 0.8V 





Fig. 3 



Test circuit in 
single-chip mode 



Fig. 4 Master CPU bus interface 
test circuit 




Local bus test circuit 



-e- 



RESET 



PO 
P1 
P2 
P3 
P4 
P5 
P6 

CNV S! 
AV SS 

Vss 



AV 0 



ADV REF 
DAVref 

D-A1 
D-A2 
RD 
WR 
R/W 
SYNC 
RESETout 



X, N X 0 



x x 



-e- 



i (test point) 

other power 
supply 



> open 



Fig. 6 Ice (at STOP mode) test condition 
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TIMING DIAGRAM 

Port/single-chip mode timing diagram 

tc(X| N ) 





tw(X| N H) 


tw(X| N L) 






\ 1 


' 1 

tf(x IN )-» 







J 



Port Pi input 



Port Pi output 



2.0 



tw((*H) 



tw(i*L) 



> 



tsU(PID-<>) 



2.0 



- W ) 



tdCdi-PID) 



th((*-piD) 



Note : V| H =0.8Vcc, V| L =0. 16V CC of X IN 
Master CPU bus interface/ R and W separation type timing diagram 



Read 



DB0-DB7 



*SU(A-R) 



X— 
045 



0. 45 



2.4 



tsu(cs-R) th(R-CS) 



tw(R) 



45 



0. 45 



ta(R-D) 



<2.0 
0.8 



th(R-A) 



o. 45, ^ 



> 2.0 
0.8 



0.8 

ty(R-D) 



i 



2.0 



tpLH(R-PR) 
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Write 



cs 



DB0-DB7 



*SU(A— W) 



XTT 
0. 45 



"45V 



th(w-A) 



tsu(cs-w) th(w-cs) 



*w(w) 



2.a\ /2.4 
\ 0.45 0. 45/ 



X°- 45 



tsil(D-W) 



2.4 
0. 45, 



K 



/7k 



*h(w-D) 
2.4 



> 



0. 45 



/ 2.0 



tpLH(W-PR) 



Master CPU interface/ R/W type timing diagram 



AO 
R/W 

CS 
read 

DB0-DB7 

write 
DB0-DB7 



tw(EL) 



> 



0. 45/ 



"o45^^ 



tsil(CS-E) 



tw(EH) 



\0. 45 



■ tr( E ) 



th(E-cs) - 



2.0 i r 
0.8 V 



tsiJ(D-E) 



SLA 

\o. 45 



-tf(E) 



th(E-A) 



XZ 



7 CZ 



> 



th(E-D) 



> 



tpLH(E-PR) 
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Local bus timing diagram 
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DESCRIPITION 

The M37450E4TXXXSP/J is a single-chip microcomputer 
designed with CMOS silicon gate technology. It is housed 
in a 64-pin shrink plastic molded DIP or 84-pin plastic 
molded QFJ (PLCC). The features of this chip are similar 
to those of the M37450M4-XXXSP except that this chip has 
a 8192 bytes PROM built-in. This single-chip microcompu- 
ter is useful for office automation appliances and consumer 
appliance controllers. 

In addition to its simple instruction sets, the PROM, RAM 
and I/O addresses are placed on the same memory map to 
enable easy programming. It also has a unique feature that 
enables it to be used as a slave microcomputer. 
The difference between the M37450E4TXXXSP and the 
M37450E4TXXXJ is the package outline. 



FEATURES 

• Number of basic instructions 71 

69 MELPS 740 basic instructions + 2 multiply/divide 
instructions 

• Memory size PROM 8192 bytes 

RAM 256 bytes 

• Instruction execution time 

(minimum instructions at 10 MHz frequency) O.S/us 

• Single power supply 5V±5% 

• Power dissipation normal operation mode 

(at 10 MHz frequency) 30m W 

• Subroutine nesting 96 levels max. 

• Interrupt 15 events 

• Master CPU bus interface 1 byte 

• 16-bit timer 3 

• 8-bit timer (Serial I/O use) 1 

• Serial I/O (UART or clock synchronous) 1 

• A-D converter (8-bit resolution) 3 channels (DIP) 

8 channels (QFJ) 

• D-A converter (8-bit resolution) 2 channels 

• PWM output (8-bit or 16-bit) 1 

• Programmable I/O ports 

(Ports P0, P1, P2, P3, P5, P6) 48 

• Input port (Port P4) 3 (DIP), 8 (QFJ) 

• Output ports (Ports D -At , D-A 2 ) 2 

• PROM (equivalent to the M5L2764) 

program voltage 21V 

APPLICATION 

Slave controller for PPCs, facsimiles, and page printers 
HDD, optical disk, inverter, and industrial motor controllers 
Industrial robots and machines 



PIN CONFIGURATION (TOP VIEW) 



I/O port 
P3 



I/O port 
P5 



P37/Sr D y "* 
P3 6 /S C LK 

P3 5 /TxD < 
P3 4 /RxD « 

P33/PWMQUT" 

P3 2 /EV 3 « 
P^/EM 2 « 
P30/EV! < 
P5 7 /DB 7 < 
P5 6 /DB 6 « 
P5 5 /DB 5 « 
P5 4 /DB 4 + 
P5 3 /DB 3 «• 
P5 2 /DB 2 /CE «• 
PSi/DB^OE" 
P5 0 /DB 0 /PGM « 
P6 7 /W + 
P6 6 /R «• 
P65/CS «• 
P64/AO « 
P6 3 /Prdy *• 
P6 2 /INT 3 « 
P6i/INT 2 "» 
P6 0 /\N^ -» 
Read/Write p/yy ^ 

status output 

Synchronous signal SYNC * 



Reference 
voltage input 



D-A output 



I/O port 
P6 



out P ut CNV. 
Reset input 
Clock Input 
Clock output 
Timing output 
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RESET - 

X|N " 
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WR 
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FUNCTIONS OF M37450E4TXXXSP/J 



Parameter 


Functions 


Number of basic instructions 


71(69 MELPS 740 basic instructions+2) 


Instruction execution time 


0. 8/iS (minimum instructions, at 10MHz frequency) 


Clock frequency 


10MHz (max.) 


Memory size 


PROM 


8192 bytes 


RAM 


256 bytes 


Input/Output port 


P0-P3, P5, P6 


I/O 


8-bitX6 


P4 


Input 


3-bitXl (8-bitX1 for 84-pin model) 


D-A 


Output 


2-bitX1 


Serial I/O 


UART or clock synchronous 


Timers 


16-bit timerX3, 

8-bit timer (Serial I/O baud rate generator) X1 


A-D converter 


8-bitX3 channels (8 channels for 84-pin model) 


D-A converter 


8-bitX2 channels 


Pulse width modulator 


8-bit or16-bitXl 


Data bus buffer 


1-byte input and output each 


Subroutine nesting 


96-levels 


Interrupt 


6 external interrupts, 8 internal interrupts 
One software interrupt 


Clock generating circuit 


Built-in (ceramic or quarts crystal oscillator) 


Supply voltage 


5V±5% 


Power dissipation 


30mW (at 10MHz frequency) 


Input/Output characters 


Input/Output voltage 


5V 


Output current 


±5mA (max.) 


Memory expansion 


Possible 


Operating temperature range 


-40 to 85°C 


Device structure 


CMOS silicon gate 


Package 


M37450E4TXXXSP 


64-pin shrink plastic molded DIP 


M37450E4TXXXJ 


84-pin plastic molded QFJ (PLCC) 
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PIN DESCRIPTION (normal mode) 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc, 

VSS 


Supply voltage 




Power supply inputs 5V±5% to V C c. and OV to V S s 


CNVss/Vpp 


CNVss 




Controls the processor mode of the chip. Normally connected to V S s or V C c- 


RESET 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 8 clock cycles (under nor- 
mal Vcc conditions) If more time is needed for the crystal oscillator to stabilize, this "L" condition should 
be maintained for the required time 




Clock input 


Input 


This chip has an internal clock generating circuit. To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the Xin and X 0 ut pins. If an external clock is used, the clock 
source should be connected to the Xin pin and the Xout pin should be left open. 


v 

AOUT 


Clock output 


Output 




Timing output 


Output 


Outputs signal consisting of oscillating frequency divided by four 


SYNC 


Synchronous 
signal output 


Output 


This signal is output "H" during operation code fetch and is used to control single stepping of programs. 


R/W 


Read/Write 
status output 


Output 


This signal determines the direction of the data bus. It is "H" during read and "L" during write 


PO0-PO7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output The output structure is CMOS output. The low-order bits of the address are output except 
in single-chip mode. 


PI0-PI7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO The high-order bits of the 
address are output except in single-chip mode 


P2 0 -P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO. Used as data bus except in 
single-chip mode. 


P3 0 -P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO Serial I/O, PWM output, or 
event I/O function can be selected with a program. 


P4 0 -P4 2 

(OA -OA ^ 


Input port P4 


Input 


Analog input pin for the A-D converter The 64-pin model has three pins and the 84-pin model has eight 
pins. They may also be used as digital input pins 


P5 0 -P5 7 


I/O port P5 


I/O 


Port P5 is an 8-bit I/O port and has basically the same functions as port PO. This port functions as an 8-bit 
data bus for the master CPU when slave mode is selected with a program. 


P6 0 -P6 7 


I/O port P6 


I/O 


Port P6 is an 8-bit I/O port and has basically the same function as port PO Pins P63 to P67 change to a con- 
trol bus for the master CPU when slave mode is selected with a program. Pins P60 to P62 may be program- 
med as external interrupt input pins 


D-A 1f D-A 2 


D-A output 


Output 


Analog signal from D-A converter is output. 


Vref 


Reference voltage 
input 


Input 


Reference voltage input pin for A-D and D-A converter This pin is for 64-pin model only 


An\/ 


A-D reference 
voltage input 




Reference voltage input pin for A-D converter This pin is for 84-pin model only 


UAVreF 


D-A reference 
voltage input 




Reference voltage input pin for D-A converter This pin is for 84-pin model only. 


MVsS 


AndloQ powor supply 




Ground level input pin for A-D and D-A converter. Same voltage as Vss is applied. 


AVcc 


Analog power supply 




Power supply input pin for A-D converter. This pin is for 84-pin model only. Same voltage as V C c is applied. 
In the case of the 64-pin model, AVcc is connected to V C c internally 


RD 


Read signal 
output 


Output 


Control signal output as active "L" when valid data is read from data bus This pin is for 84-pin model only. 


WR 


Write signal 
output 


Output 


Control signal output as active "L" when writing data from data bus to external component This pin is for 
84-pin model only. 


RESETqut 


Reset output 


Output 


Control signal output as active "H" during reset It is used as a reset output signal for peripheral compo- 
nents. This pin is for 84-pin model only. 
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PIN DESCRIPTION (EPROM mode) 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc, V ss 


Supply voltage 




Power supply inputs 5V±5% to V C c. and OV to V S s 


CNV SS /Vpp 


Vp P 


Input 


Connect to v>p when programming or verifing. 


RESET 


Reset input 


Input 


Connect to V S s 


X|N 


Clock input 


Input 


Connect a ceramic or a quartz crystal oscillator between Xin and Xout for clock oscillation 


XoUT 


Clock output 


Output 


4> 


Timing output 


Output 


For timing output 


SYNC 


Synchronous 
signal output 


Output 


Kept to open ("L" signal is output) 


R/W 


Read/Write 
status output 


Output 


Kept to open ("H" signal is output). 


P0 0 -P0 7 


I/O port PO 


Input 


PO works as the lower 8-bit address input 


PI0-PI7 


I/O port P1 


Input 


P1 works as the higher 8-bit address input. 


P2 0 -P2 7 


I/O port P2 


I/O 


P2 works as an 8-bit data bus 


P3 0 -P3 7 


I/O port P3 


Input 


Connect to Vss 


P4 0 -P4 2 
(P4 0 -P4 7 ) 


Input port P4 


Input 


Connect to V S s (The 80-pin model has eight pins P4 0 to P4 7 ). 


P5 0 -P5 7 


I/O port P5 


Input 


P5 0 , P5i, P5 2 works as PGM, OE, and CE inputs respectively Connect P5 3 and P54 to V C c and P5 5 to P5 7 to 

V SS 


P6 0 -P6 7 


I/O port P6 


Input 


Connect to V S s- 


D-Al D-A 2 


D-A output 


Output 


Kept to open 


Vref 


Reference voltage 
input 


Input 


Connect to Vss- 


ADV REF 


A-D reference 
voltage input 


Input 


Connect to Vss 


DAV REF 


D-A reference 
voltage input 


Input 


Connect to V S s- 


AV SS 


Analog power 


Input 


Connect to V S s 


AVcc 


Analog power 


Input 


Connect to V S s 


RD 


Read signal output 


Output 


Kept to open ("H" signal is output) 


WR 


Write signal 
output 


Output 


Kept to open ("H" signal is output). 


RESETqut' 


Reset output 


Output 


Kept to open ("H" signal is output) 
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EPROM MODE 

The M37450E4TXXXSP/J features an EPROM mode in 
addition to its normal modes. When the RESET signal level 
is low ("L") and CNV S s/V P p signal level is high ("H"), the 
chip automatically enters the EPROM mode. Table 1 list the 
correspondence between pins and Figure 1 and Figure 2 
give the pin connections in the EPROM mode. When in the 
EPROM mode, ports PO, P1, P2, P5 0 to P5 2 and CNV SS are 
used for the PROM (equivalent to the M5L2764). When in 
this mode, the built-in PROM can be written to or read from 
using these pins in the same way as with the M5L2764. The 
oscillator should be connected to the X )N and X OU t pins, or 
external clock should be connected to the X| N pin. 



Table 1. Pin function in EPROM mode 





M37450E4TXXXSP/J 


M5L2764 


Vcc 


Vcc 


Vcc 


Vpp 


CNVss/V P p 


Vpp 


V SS 


Vss 


V ss 


Address input 


Ports PO, PI0-PI4 


A 0 -A 12 


Data I/O 


Port P2 


D 0 -D 7 


CE 


P5 2 /DB 2 /CE 


CE 


OE 


PS^DB^OE 


OE 


PGM 


P5 0 /DB 0 /PGM 


PGM 



Vcc 



v P p- 



Ceramic oscillating circuit 



P37/Srdy "*"*" [Z 

P3 6 /S C LK~U 

P3 5 /TxD [T 

P3 4 /RxD++|T 

— P3 3 /PWM 0 ut**E 

— P3 2 /EV 3 ++|7 

PVEVa^tT 

P3 0 /EVi++\± 

P5 7 /DB 7 H 

P5 6 /DB 6 ^[To 

P5 5 /DB 5 ^[n 

P5 4 /DB 4 **[T2 

P5 3 /DB 3 **EI 

— P5 2 /DB 2 /CE^[H 

— P^/DB^OE^Dl 
-P5 0 /DB 0 /PGM«-Gi 

P6 7 /W^[]7 

P6 6 /R*>H 

P6 5 /CS^[H 

P6 4 /A0+*H 

P6 3 /FW~H[ 

P6 2 /INT 3 ^H 

-P^/INTa^H 

PSo/INT^E 

SYNC*-H 

CN Vs S /V P p -^[27 

RESET -* H 

x, N -*|| 

Xout^-H 

V ss 1 



13 V cc 

U A V ss 

1-V REF 

6o)-+ D-A 2 
U+-P4 0 /AN 0 — 
«- P4 1 /AN 1 — 
i]*-P4 2 /AN 2 -- 

m^poo/Ao — 

ll^Pd/A, — 

54|«- P0 2 /A 2 

U«-P0 3 /A 3 

P0 4 /A 4 

ig^pos/As — 

50]~P0 6 /A 6 

49] P0 7 /A 7 

H**P1 0 /A 8 

47]** PVA 9 

H~P1 2 /A 10 ~ 
H^PVAn — 
H«-P1 4 /A 12 — 
H^P1 5 /A 13 — 
!~PVAi 4 — 
m^PI/A^ — 

40]^P2o/Do 

P2 1 /D 1 

H P2 2 /D 2 

37]~P23/D3 — 
H P2 4 /D 4 — 

U*>P2 5 /D 5 

34]<~P2 6 /D 6 

U++p2 7 /d 7 — ; 



(^) ' Same functions as M5L2764 



Vcc 
Vss 



-© 
-® 
-© 
-® 
~® 
-® 



-© 
-® 
-® 

-® 



-<§> 



-e- v 0 , 



Fig. 1 Pin connection in EPROM mode (64-pin model) 
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V SS Vcc 



Vss 



UJ UJ LJJ Q. OC H- CO I W 

e?coOOncoco«c? 
HHZZQ.CLQ.Iia. 



tJj t±i z z z 

OC OC < < < 

£ 8 8> > Q I 5 5 ^ * 

D->><<<QOOa.Q.Q. 



M UttH t t 1 i 1 i i 



vcc-e- 



Vss77T 



P5 7 /DB 7 * 

P5 6 /DB 6 * 

P5 5 /DB 5 « 

P5 4 /DB 4 * 

P5 3 /DBa« 

— P5 2 /DB 2 /CE « 

— PSi/D Bj/QE ■* 
-P5 0 /DB 0 /PGM« 

NC 
NC 

P6 7 /W« 

P6e/R« 

P6 5 /CS« 

P 6 4 /A0 « 

P63/PRDY ** 

P6 2 /INT 3 « 

PSi/INTa- 

P6 0 /mTi « 

WR< 
RD< 
R/W< 




134] 135] [36J 1371 [3BJ l39j l42j L*3l l£5j [46| LlZl L^Sl L5§»l [Slj l^J l53j 

Ulf HI IMtllH t V 



o 5 it 
z ,o > 

= o 



- o o s 

UjZZX 



'OQQQQQQO' 



0.0.0.0.0.0.0.0. 



777 V ss d 
VPP „ — VsS (S)feloJ^(oJlojlc5-j(Qj 
Ceramic 
oscillating 
circuit 



-P4 3 /AN 3 - 
-P4 4 /AN 4 - 
-P4 5 /AN 5 - 
-P4 6 /AN 6 - 

- P4 7 /AN 7 - 
-PO0/A0 — 
-Pd/A! — 

- P0 2 /A 2 — 

- P0 3 /A 3 — 

- P0 4 /A 4 — 
NC 

NC 

► P0 5 /A 5 — 
►P0 6 /A 6 — 
►P0 7 /A 7 — 

- P1 0 /A 8 — 
►P^/Ab — 

► P1 2 /A 10 - 
-PI3/A11- 
"PVA12- 
^P1 5 /Ai 3 - 



-e-Vcc 



Vss 



-© 
-® 
-® 



-® 

-® 
-® 



Vcc 



(^) : Same functions as M5L2764. 



Fig. 2 Pin connection in EPROM mode (84-pin model) 
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PROM READING AND WRITING 
Reading 

To read the PROM, set the CE and OE pins to a "L" level, 
and the PGM pin to a "H" level. Input the address (A 0 to 
A 12 ) to be read and the data will be output to the I/O pins 
D 0 to D 7 . The data I/O pins will be floating when either the 
CE or OE pins are in the "H" state. 



NOTES ON HANDLING 

(1) Since a high voltage (21V) is used to write data, care 
should be taken when turning on the PROM writer's 
power. 



Writing 

The PROM is programmed at the factory already and do 
not use the writing mode. 



Table 2. I/O signal in each mode 



— Pin 
Mode - — _____ 


CE 


OE 


PGM 


Vpp 


Vcc 


Port P2 


Read-out 


v, L 


V, L 


V,H 


Vcc 


Vcc 


Output 


Programming 


V, u 


V,H 


Pulse(V IH — V IU ) 


Vpp 


Vcc 


Input 


Programming verify 


v, L 


V, L 


V,H 


Vpp 


Vcc 


Output 


Program disable 


V, H 


X 


X 


Vpp 


Vcc 


Floating 



Note 1 : V| L and V tH indicate a "L" and "H" input voltage, respectively. 
2 ! An X indicates either V !L or V| H . 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s 
Output transistors are 
at "OFF" state. 


—0. 3 to 7 


V 


V, 


Input voltage RESET, X tN 


—0. 3 to 7 


V 


v, 


Input voltage P0 0 -P0 7l PI0-PI7. P2 0 -P2 7 , 
P3 0 -P3 7 , P4 0 -P4 7 , P5 0 -P5 7) 
P6 0 -P6 7 , ADVref, DAV REFi 
Vref. AVcc 


—0.3 to Vcc+0.3 


V 


v, 


Input voltage CNVss 


—0.3 to 13(Note 1 ) 


V 


Vo 


Output voltage P0 0 -PO 7) PI0-PI7. P2 0 -P2 7 , 
P3 0 -P3 7> P5 0 -P5 7l P6 0 -P6 7 , 
Xout, i> . RD, WR, R/W, 
RESETout. SYNC 


—0. 3 to Vcc+0. 3 


V 


Pd 


Power dissipation 


T a = 25°C 


1000 


mW 


Topr 


Operating temperature 




—40 to 85 


°C 


Tstg 


Storage temperature 




—65 to 150 


°C 



Note 1 : In PROM programming mode, CNV SS is 22. OV. 



RECOMMENDED OPERATING CONDITIONS 

(Vfc c =5V±5%, Ta=— 40 toK^C unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max. 


Vcc 


Supply voltage 


4. 75 


5 


5. 25 


V 


Vss 


Supply voltage 




0 




V 


V,h 


"H" Input voltage RESET, X, N , CNV ss (Note1) 


0. 8V CC 




Vcc 


V 


V, H 


"H" Input voltage P0 0 -P0 7 , PI0-PI7. P2 0 -P2 7 , 
P3 0 -P3 7 , P4 0 -P4 7) P5 0 -P5 7 , 
P6 0 -P6 7 (except Note 1 ) 


2.0 




Vcc 


V 


V IL 


"L" Input voltage CNV SS ( Note 1 ) 


0 




0. 2V CC 


V 


v, L 


"L" Input voltage P0 0 -P0 7 , PI0-PI7. P2 0 -P2 7 , 
P3 0 -P3 7 , P4 0 -P4 7 , P5 0 -P5 7l 
P6 0 -P6 7 (except Note 1) 


0 




0.8 


V 


V IL 


"L" Input voltage RESET 


0 




0. 12V CC 


V 


V, L 


"L" Input voltage X, N 


0 




0. 16V CC 


V 


'oL(peak) 


"L" peak output current P0 0 -P0 7 , PVPI7, 
P2 0 -P2 7 , P3 0 -P3 7 , 
P5 0 -P5 7 , P6 0 -P6 7 






10 


mA 


louavg) 


"L" average output current P0 0 -P0 7 , P1o-P17 5 
P2 0 -P2 7 , P3 0 -P3 7 , 
P5 0 -P5 7 , P6 0 -P6 7 (Note 2) 






5 


mA 


'oH(peak) 


"H" peak output current P0 0 -P0 7 , P1 0 -P17, 
P2 0 -P2 7 , P3o-P3 7 , 
P5 0 -P5 7 , P6 0 -P6 7 






-10 


mA 


'oH(avg) 


"H" average output current P0 0 -P0 7 , PI0-PI7, 
P2 0 -P2 7 , P3 0 -P3 7 , 
P5 0 -P5 7 , P6 0 -P6 7 (Note 2) 






-5 


mA 


f(x, N ) 


Clock oscillating frequency 


1 




10 


MHz 



Note 1 : Ports operate as INT 1 -INT 3 (P6 0 -P6 2 ), EV 1 -EV 3 (P3 0 -P3 2 ), R X D(P3 4 ) and S CL k(P3 6 ) 

2 : The average output current l 0 H(avg) and loi-(avg) are the average value during a 100ms 

3 : The total of "L" output current loupeak) of port P0, P1 and P2 is less than 40mA. 

The total of "H" output current l 0 H(peak) of port P0, P1 and P2 is less than 40mA. 

The total of "L" output current l OL (peak) of port P3, P5, P6, R/W, SYNC, RESET OU t. RD, WR and 

<j> is less than 40mA _ 

The total of "H" output current l 0 H(peak) of port P3, P5, P6, R/W, SYNC, RESET OU t. RD, WR and 
<f> is less than 40mA. 
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ELECTRICAL CHARACTERISTICS (Vcc = 5V±5%, V ss = OV, T a = -40 to 85°C, f(X IN ) = 10MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min 


Typ. 


Max. 


v OH 




lOH — tFTlA 


Vcc-1 






\j 


VqH 


"H" output voltage P0 0 -P0 7 , PI0-PI7. P2 0 -P2 7 , 
P3 0 -P3 7l P5 0 -P5 7) P6 0 -P6 7 


Ioh =— 5mA 


Vcc-1 






V 


Vol 


"I " niitnnt vnltnne Pn„_PD-, P1„_P1, P9„_P9-, 

P3 0 -P3 7l P5 0 -P5 7 , P6 0 -P6 7 , 

RD, WR, R/W, SYNC, RESET 0U t, <t> 


l 0 L=2mA 






0. 45 


V 


Vol 


"1 " niitnnt unltanp Pn,„-PfU P1 pi , po._po, 

i- uuipui vuiLctyt? ruo ru7, no r 17* > ^o r^ 7 , 

P^-P^, PS^-PR, Pfin-Pfi, 
roQ"r07, ruo r j/, roo "07 


l 0 L=5mA 






1 


V 


V t +-V t - 


Hysterisis ^-^3^60^62), E^-EVa^o-PSa), 
R x D(P34),Sclk(P36) 


Function input level 


0.3 




1 


V 


V T +— V T - 


Hysterisis RESET 








0.7 


v 


v T +-v T - 


Hysterisis X| N 




0.1 




0.5 


V 


IlL 


"L" input current P0 0 -P0 7 , P1 0 -P1 7 , P2 0 -P2 7l 
P3 0 -P3 7 , P4 0 -P4 7 , P5 0 -P5 7 , 
P6 0 -P6 7 , RESET, X| N 


V,=V SS 


-5 




5 


M A 


I.H 


"H" input current P0 0 -P0 7 , PI0-PI7. P2 0 -P2 7 , 
P3 0 -P3 7 , P4 0 -P4 7 , P5 0 -P5 7 , 
P6 0 -P6 7) RESET, X, N 


V,=V CC 


-5 




5 


/uA 


Vram 


RAM retention voltage 


At stop mode 


2 






V 


•cc 


Supply current 


At system operation 
f(X| N ) = 10MHz 




6 


15 


mA 


At stop mode (Note 1 ) 




1 


10 





Note 1 : The terminals RD, WR, R/W, SYNC, RESET OU t. 0. D-A, and D-A 2 are all open. The other ports, which are in the input mode, are connected 
to V ss A-D converter is in the A-D completion state. The current through ADV REF and DAV REF is not included (Fig.6) 



A-D CONVERTER CHARACTERISTICS 

(V cc = AV CC = 5V±5%, V ss = AVss = 0V, T a =-40to85'C, f(X, N )=10MHz, unless otherwise noted) 



Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Mm. 


Typ. 


Max 




Resolution 








8 


Bits 




Absolute accuracy 


Vcc=AV C c=ADV REF =5V±5% 




±1.5 


±3 


LSB 


tcoNv 


Conversion time 








49 


t c (0) 


V, A 


Analog input voltage 




AV SS 




AV CC 


V 


Vadvref 


Reference input voltage 




2 




Vcc 


V 


Rladder 


Ladder resistance value 


ADV REF =5V 


2 


7.5 


10 


kf2 


'l ADVREF 


Reference input current 


ADV REF =5V 


0.5 


0.7 


2.5 


mA 


Vavcc 


Analog power supply input voltage 






Vcc 




V 


Vavss 


Analog power supply input voltage 






0 




V 


D-A CONVERTER CHARACTERISTICS (v cc = 5v±5% v ss = av ss = ov, i a = - 


40to85°C, unless otherwise noted) 


Symbol 


Parameter 


Test conditions 


Limits 


Unit 


Min. 


Typ. 


Max 




Resolution 








8 


Bits 




Absolute accuracy 


V C c=DAV REF =5.12V 






1.0 


% 


tsu 


Setup time 








3 


JUS 


Ro 


Output resistance 




1 


2 


4 


kf2 


Vavss 


Analog power supply input voltage 






0 




V 


Vqavref 


Reference input voltage 




4 




Vcc 


V 


' DAVREF 


Reference power input current (Each pin) 




0 


2.5 


5 


mA 
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TIMING REQUIREMENTS 

POlt/Single-Chip mode (V C c=5V±5%, V ss =0V, T a =-40 to 85°C, unless otherwise noted) 



Symbol 


Parameter 

. . 


Test condition 


Limits 


Unit 


Min 


Typ 


Max. 


tsu(POD— 


Port PO input setup time 


Fig 3 


200 






ns 


tsu(Pi D— <f>) 


Port P1 input setup time 


200 






ns 


tsu(P2D— *) 


Port P2 input setup time 


200 






ns 


tsU(P3D— <f>) 


Port P3 input setup time 


200 






ns 


*SU(P4D— <f) 


Port P4 input setup time 


200 






ns 


tsil(P5D— <t>) 


Port P5 input setup time 


200 






ns 


tsU(P6D— <t>) 


Port P6 input setup time 


200 






ns 


th(0— POD) 


Port PO input hold time 


40 






ns 


th(<*-piD) 


Port P1 input hold time 


40 






ns 


l h(^— P2D) 


Port P2 input hold time 


40 






ns 


th(^— P3D) 


Port P3 input hold time 


40 






ns 


*h(<*— P4D) 


Port P4 input hold time 


40 






ns 


th(<»— P5D) 


Port P5 input hold time 


40 






ns 


th(^— P6D) 


Port P6 input hold time 


40 






ns 


tc(X, N ) 


External clock input cycle time 


100 




1000 


ns 


tw(X|NL) 


External clock input "L" pulse width 


30 






ns 


IwCXinH) 


External clock input "H" pulse width 


30 






ns 


tr(X, N ) 


External clock rising edge time 






20 


ns 


tf(X IN ) 


External clock falling edge time 






20 


ns 


Master CPU bus interface timing (R and W separation type mode) 

(V CC =5V±5%, V ss =0V, T a =-40 to85°C, unless otherwise noted) 


Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min 


Typ 


Max 


*su(cs— R) 


CS setup time 


Fig 3 


0 






ns 


tsuCcs— w) 


CS setup time 


0 






ns 


th(R— cs) 


CS hold time 


0 






ns 


th(w— cs) 


CS hold time 


0 






ns 


*SU(A— R) 


AO setup time 


40 






ns 


*SU(A— W) 


AO setup time 


40 






ns 


th(R-A) 


AO hold time 


10 






ns 


*h(w— A) 


AO hold time 


10 






ns 


tw(R) 


Read pulse width 


160 






ns 


tw(w) 


Write pulse width 


160 






ns 


*SU(D— W) 


Date input setup time before write 


100 






ns 


*h(w— D) 


Date input hold time after write 


10 






ns 


Master CPU bus interface timing (R/W type mode) 

(V CC =5V±5%, V ss =0V, T a =-40 to 85 °C, unless otherwise noted) 


Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm. 


Typ. 


Max 


tsu(cs— E) 


CS setup time 


Fig 4 


0 






ns 


th(E-cs) 


CS hold time 


0 






ns 


*SU(A— E) 


AO setup time 


40 






ns 


th(E-A) 


AO hold time 


10 






ns 


tsil(RW— E) 


R/W setup time 


40 






ns 


th(E— RW) 


R/W hold time 


10 






ns 


tw(EL) 


Enable clock "L" pulse width 


160 






ns 


tw(EH) 


Enable clock "H" pulse width 


160 






ns 


*r(E) 


Enable clock rising edge time 






25 


ns 


tf(E) 


Enable clock falling edge time 






25 


ns 


^su(d — e) 


Data input setup time before write 


100 






ns 


*h(E-D) 


Data input hold time after write 


10 






ns 
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Local bus/memory expansion mode, microprocessor mode 

(V CC =5V±5%, V ss =0V, T a =-40 to 85°C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min. 


Typ 


Max 


tsil(D-<») 


Data input setup time 


Fig 5 


130 






ns 


th(<*-D) 


Data input hold time 


0 






ns 


*SU(D— RD) 


Data input setup time 


130 






ns 


*h(RD— D) 


Data input hold time 


0 






ns 
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SWITCHING CHARACTERISTICS 

POrt/Single-Chip mode (V CC =5V±5%, V S s=0V, T a =--40 to 85°C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


x Limits 


Unit 


Min. 


Typ 


Max. 


*dU— POQ) 


Port PO data output delay time 








200 


ns 


td(«J-PiQ) 


Port P1 data output delay time 








200 


ns 


t(j(0— P2Q) 


Port P2 data output delay time 








200 


ns 


td(#-P3Q) 


Port P3 data output delay time 








200 


ns 


td(0— P5Q) 


Port P5 data output delay time 








200 


ns 


td(0— P6Q) 


Port P6 data output delay time 


Fig 3 






200 


ns 


tc(^) 


Cycle time 




400 




4000 


ns 


*W(^H) 


<t> clock pulse width ("H" level) 




190 






ns 


tw(<M_) 


<f> clock pulse width ("L" level) 




170 






ns 


*r(*) 


<f> clock rising edge time 








20 


ns 


*f(*) 


<f> clock falling edge time 








20 


ns 



Master CPU bus interface (R and W separation type mode) 

(V C c=5V±5%, V ss =0V I T a =-40 to 85°C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min 


Typ 


Max 


ta(R— d) 


Data output enable time after read 


Fig 4 






120 


ns 


tv(R— D) 


Data output disable time after read 


10 




85 


ns 


tpi_H(R— PR) 


P RD y output transmission time after read 






150 


ns 


tpLH(W— PR) 


P RDY output transmission time after write 






150 


ns 


Master CPU bUS interface (R/W type mode) (V CC =5V±5%, V ss =0V, T a =-40 to 85°C, unless otherwise noted) 


Symbol 


Parameter 


Test condition 


Limits 


Unit 


Min 


Typ. 


Max. 


ta(E-D) 


Data output enable time after read 


Fig 4 






120 


ns 


tv(E-D) 


Data output disable time after read 


10 




85 


ns 


tpi_H(E— PR) 


Prdy output transmission time after E clock 






150 


ns 



Local bus/memory expansion mode, microprocessor mode 

(V C c=5V±5%, V S s=0V, T a =— 40 to 85°C, unless otherwise noted) 



Symbol 


Parameter 


Test condition 


Limits 


Unit 


Mm 


Typ 


Max 


*d(0— a) 


address delay time after <f> 








150 


ns 


tv(«s— A) 


address effective time after <t> 




10 






ns 


W(RD— A) 


address effective time after RD 




10 






ns 


tv(WR— A) 


address effective time after WR 




10 






ns 


td(*-D) 


data output delay time after 4> 








160 


ns 


*d(WR— D) 


data output delay time after WR 


Fig 5 






160 


ns 


W( <t> — D) 


data output effective time after <t> 


20 






ns 


W(WR— D) 


data output effective time after WR 




20 






ns 


td(<*— RW) 


R/W delay time after <f> 








150 


ns 


td(^~ SYNC) 


SYNC delay time after <f> 








150 


ns 


tw(RD) 


RD pulse width 




170 






ns 


tw(WR) 


WR pulse width 




170 






ns 



A 
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TEST CONDITION 

Input voltage level : V )H 2. 4V 
V, L 0.45V 
Output test level : V OH 2. 0V 
Vol 0.8V 






Fig. 3 



Test circuit in 
single-chip mode 



Fig. 4 Master CPU bus interface 
test circuit 



Fig. 5 Local bus test circuit 



,-e- 



-9- 



777 



PO 
P1 
P2 
P3 
P4 
P5 
P6 

CNVss 

AV SS 

V ss 



Vcc 
AVcc 



ADV REF 
DAV REF 

D-A1 
D-A2 
RD 
WR_ 
R/W 
SYNC 
RESETout 



Ice 

1 (test point) 

other power 
supply 



open 



X 



Fig. 6 Ice (at STOP mode) test condition 
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TIMING DIAGRAM 

Port/single-chip mode timing diagram 











j~\_r\j 




— *r(x IN ) 







^2.0 



Port Pi input 



Port Pi output 



*c(#) 



2*0^ 



W(*L) 



-tf(#) 



> 



tsu(PID-<6) 



r 



th(^-piD) - 



2.0 



*d(<*-piD) 



Note I V IH =0.8Vcc, V IL =0.16V CC of X IN 



Master CPU bus interface/ R and W separation type timing diagram 



Read 



cs 



DB0-DB7 



*SU(A 



th(R-A) 



X— 
0. 45 

045^ 



2.4 
0. 45 



K 



2.4 



' tsU(CS-R) th(R-CS) 



tw(R) 



\p. 45 0. 45 3 ? 



2.4 



*a(R-D) 



<2.C 
08 



W(R-D) 



2.0 
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Write 



DB 0 -DB 7 



t SU(A-W) 



*h(W-A) 



0-45 



tsu(cs-w) 



th(w-cs) 



j^O. 45 



W(w) 



\ 0. 45 0. 45/ 



2.4 



>2T" 

^0. 45 



tsU(D-W) 



th(w-D: 



Master CPU interface/ R/W type timing diagram 



2.0 



tpLH(W— PR) 



AO 
R/W 

CS 

read 
DB 0 -DB 7 

write 
DB0-DB7 



\0. 45 



*W(EL) 



J145/ 



XTT" 
o. 45 



045^ 



tsuCcs- 



-*r(E) 



*W(EH) 



T7V 



th(E-cs) ~ 



2.0/ 
o"8\ 



tsU(D-E) 



\p. 45 



0. 45 



-tf(E) 



th(E-A) 



> 



W(E-D) 
th(E-D) 



> 



tpLH(E-PR) 
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Local bus timing diagram 



R/W 
SYNC 



A 0 -A 1£ 



D 0 -D 7 
CPU read 



D 0 -D 7 
CPU write 



J 



t(J(^-RW) 



X 



td(#-A) 



X 



*c<*) 



\ 



W(*L) 



tf(#> 



/ 



tsU(D-<6) 



< 



*d(*-D) 



< 



xz 



W((*-A) 



-th(*-D) 



> 



> 



W(^-D) 



A 0 -A 1£ 



D 0 -D 7 
CPU read 



D 0 -D 7 
CPU write 



X 



tw(RD) 



K 



tsuCD-RD) 



/ 



< : > 



tw(WR) 



td(WR-D) 



W(RD-A) 



th(RD-D) 



ty(WR-A) 



< > 



*V(WR— D) 
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DESCRIPTION 

The M37451 E4-XXXSP/FP/GP is a single-chip micro- 
computer designed with CMOS silicon gate technology. It 
is housed in a 64-pin shrink plastic molded DIP or a 
0.8mm-pitch or 0.65mm-pitch 80-pin plastic molded QFP. 
The features of this chip are similar to those of the 
M37451 M4-XXXSP/FP/GP except that this chip has a 8192 
bytes PROM built in. 

In addition to its simple instruction sets, the PROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. 

It is suited for office automation equipment and control de- 
vices. The low power consumption made by the use of a 
CMOS process makes it especially suitable for battery po- 
wered devices requiring low power consumption. It also 
has a unique feature that enables it to be used as a slave 
microcomputer. 

Since general purpose PROM writers can be used for the 
built-in PROM, this chip is suitable for small quantity pro- 
duction runs. 

The differences among M37451 E4-XXXSP/FP/GP, M37451 
E8-XXXSP/FP/GP and M37451 EC-XXXSP/FP/GP are as 
shown below. The M37451 E4SS/FS, M37451 E8SS/FS and 
M37451 ECSS/FS are the window type. The descriptions 
that follow describe the M37451 E4-XXXSP/FP/GP unless 
otherwise noted. 



Type name 


ROM size 


RAM size 


Built-in PROM 


M37451 E4SS/FS 


8192 bytes 


256 bytes 


EPROM (Window type) 


M37451 E4-XXXSP/FP/GP 


One-time programmable 


M37451 E8SS/FS 


1 6384 bytes 


384 bytes 


EPROM (Window type) 


M37451 E8-XXXSP/FP/GP 


One-time programmable 


M37451 ECSS/FS 


24576 bytes 


512 bytes 


EPROM (Window type) 


M37451 EC-XXXSP/FP/GP 


One-time programmable 



The number of analog input pins for the 80-pin model (FP, 
GP version) is different from the 64-pin model (SP version). 
In addition, the 80-pin model has special pins for RD, WR, 
RESETqut. DAV REF , ADV REFi AV cc and the 64-pin model 
has a special 

Vref pm. 
FEATURES 

• Number of basic instructions 71 

69 MELPS 740 basic instructions+2 multiply/divide 
instructions 

• Instruction execution time 

(minimum instructions at 12.5MHz frequency) •••• 0.64^s 

• Single power supply 5V±10% 

• Power dissipation normal operation mode 

(at 12.5MHz frequency) 40mW 

• Subroutine nesting 96 levels max.(M37451 E4) 

96 levels max. ( M 3745 1E8) 
128 levels max.(M 37451 EC) 

• Interrupt 15 events 



PIN CONFIGURATION (TOP VIEW) 



p37/Srdy 

P36/Sclk * 
P3 5 /TxD *■ 
P3 4 /RxD +■ 
P3 3 /PWM OU t * 
P3 2 /EV 3 * 
PSi/EVz* 
P3o/EV! - 
P5 7 /DB 7 * 
P5 6 /DB 6 ♦ 
P5 5 /DB 5 * 
P5 4 /DB 4 + 
P5 3 /DB 3 + 
P5 2 /DB 2 /CE + 
PS^DB^OE* 
P5 0 /DB 0 /A 14 * 
P6 7 /W * 
P6b_/R* 
P65/CS * 
P6 4 /A0 * 
P6 3 /Prdy * 
P6 2 /INT 3 * 
P61/INT2* 

PBo/INTt * 
Read/Write n — 
status output H/W * 
Synchronous gyNC ♦ 
signal output 

CN V S s/Vpp 
Reset input RESET - 
Clock input X !N - 
Clock output Xout * 
Timing output <f> * 
V S s 



•u 
u 

E 
E 
E 
E 

•E 

•E g 
f 2 

•fjT cn 

■m °^ 

H 
-01 

■m 
•m 
•01 
-[20 

■E 
-[22 
[23 



2 <: 



x 
x 

X 



I? 2 



> CTIO 01 

m m 



54]* 



!~ 
!~ 

48] 

47]~ 
46J++ 
!~ 
44] 

!~ 
43- 

1- 

38]++ 
37]- 
!~ 

m~ 



Vcc 
AV SS 

V REF Reference voltage input 



D-A 2 

P4 0 /AN 0 

P4 1 /AN 1 

P4 2 /AN 2 

POq/Aq 

PO/A, 

P0 2 /A 2 

P0 3 /A 3 

P0 4 /A 4 

PO5/A5 

P0 6 /A 6 

P0 7 /A 7 

P1 0 /A 8 

P1i/A 9 

PI2/A10 

PI3/A11 

PI4/A12 

PI5/A13 

PVA14 

PI7/A15 

P2 0 /D 0 

P2 1 /D 1 

P2 2 /D 2 

P2 3 /D 3 

P2 4 /D 4 

P2 5 /D 5 

P2 6 /D 6 

P2 7 /D 7 



D-A output 



Outline 64P4B (OTP) 

64S1B (Window) 



• Master CPU bus interface 1 byte 

• 16-bit timer 3 

• 8-bit timer (Serial I/O use) 1 

• Serial I/O (UART or clock synchronous) 1 

• A-D converter (8-bit resolution) 3 channels (DIP) 

8 channels (QFP, QFN) 

• D-A converter (8-bit resolution) 2 channels 

• PWM output with 8-t>it prescaler 

(Either resolution 8 bit or 16 bit is software selectable) ••• 1 

• Programmable I/O ports 

(Ports PO, P1, P2, P3, P5, P6) 48 

• Input port (Port P4) 3(DIP), 8(QFP, QFN) 

• Output ports (Ports D-A 1( D-A 2 ) 2 

• PROM (equivalent to the M5L27256) 

Program voltage 12.5V 

APPLICATION 

Slave controller for PPCs, facsimiles, and page printers. 
HDD, optical disk, inverter, and industrial motor controllers. 
Industrial robots and machines. 
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FUNCTIONS OF M37451 E4-XXXSP/FP/GP, M37451 E8-XXXSP/FP/GP, M37451 EC-XXXSP/FP/GP, 
M37451E4SS/FS, M37451 E8SS/FS, M37451 ECSS/FS 



Parameter 


Functions 


Number of basic instructions 


71(69 MELPS 740 basic mstructions+2) 


Instruction execution time 


0. 64//S (minimum instructions, at 12 5MHz frequency) 


Clock frequency 


12 5MHz (max ) 


Memory size 


M37451 E4-XXXSP/FP/GP 
M37451 E4SS/FS 


PROM 


8192 bytes 


RAM 


256 bytes 


M37451 E8-XXXSP/FP/GP 
M37451 E8SS/FS 


PROM 


16384 bytes 


RAM 


384 bytes 


M37451 EC-XXXSP/FP/GP 
M37451 ECSS/FS 


PROM 


24576 bytes 


RAM 


51 2 bytes 


Input/Output port 


PO to P3, P5, P6 


I/O 


8-bitX6 


P4 


Input 


3-bitX1 (8-bitX1 for80-pm model) 


D-A 


Output 


2-bitX1 


Serial I/O 


UART or clock synchronous 


Timers 


16-bit timerX3, 

8-bit timer (Serial I/O baud rate generator) X1 


A-D converter 


8-bitX3 channels (8 channels for 80-pin model) 


D-A converter 


8-bitX2 channels 


Pulse width modulator 


8-bit or 16-bitX1 


Data bus buffer 


1 -byte input and output each 


Subroutine nesting 


96-levels max (M37451E4, M37451E8) 


128-levels max (M37451EC) 


Interrupt 


6 external interrupts, 8 internal interrupts 
1 software interrupt 


Clock generating circuit 


Built-in (ceramic or quarts crystal oscillator) 


Supply voltage 


5V±10% 


Power dissipation 


40mW (at 12 5MHz frequency) 


Input/Output characters 


Input/Output voltage 


5V 


Output current 


±5mA (max ) 


Memory expansion 


Possible (64K bytes max ) 


Operating temperature range 


-20 to 85°C 


Device structure 


CMOS silicon gate 


Package 


M37451 E4-XXXSP 


64-pin shrink plastic molded DIP 


M37451E8-XXXSP 


M37451 EC-XXXSP 


M37451E4-XXXFP 


80-pin plastic molded QFP 
(0 8mm-pitch) 


M37451 E8-XXXFP 


M37451 EC-XXXFP 


M37451 E4-XXXGP 


80-pin plastic molded QFP 
(0.65mm-pitch) 


M37451 E8-XXXGP 


M37451 EC-XXXGP 


M37451 E4SS 


64-pin shrink ceramic DIP 


M37451 E8SS 


M37451 ECSS 


M37451 E4FS 


80-pin ceramic QFN (LCC) 


M37451E8FS 


M37451ECFS 
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PIN DESCRIPTION (normal mode) 



Pin 


Name 


Input/ 
Output 


Functions 


V C c. 
V S s 


Supply voltage 




Power supply inputs 5V±10% to V C c. and OV to V S s 


CNVWVpp 


CNVss 


Input 


Controls the processor mode of the chip Normally connected to Vss or Vcc- 


RESET 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 8 clock cycles (under nor- 
mal Vcc conditions) If more time is needed for the crystal oscillator to stabilize, this "L" condition should 
be maintained for the required time 




Clock input 


Input 


This chip has an internal clock generating circuit To control generating frequency, an external ceramic or a 
quartz crystal oscillator is connected between the X !N and Xout pms If an external clock is used, the clock 
source should be connected to the X| N pin and the X 0 ut pm should be left open 


XoUT 


Clock output 


Output 


0 


Timing output 


Output 


Normally outputs signal consisting of oscillating frequency divided by four 


SYNC 


Synchronous 
signal output 


Output 


This signal is output "H" during operation code fetch and is used to control single stepping of programs 


R/W 


Read/Write 
status output 


Output 


This signal determines the direction of the data bus It is "H" during read and "L" during write 


POo-P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port with directional registers allowing each I/O bit to be individually programmed as 
input or output The output structure is CMOS output The low-order bits of the address are output except 
in single-chip mode 


P1 0 — PI7 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port and has basically the same functions as port PO The high-order bits of the 
address are output except in single-chip mode 


P2 0 -P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port and has basically the same functions as port PO Used as data bus except in 
single-chip mode 


P3 0 — P3 7 


I/O port P3 


I/O 


Port P3 is an 8-bit I/O port and has basically the same functions as port PO. Serial I/O, PWM output, or 
event I/O function can be selected with a program 


P4 0 — P4 2 
(P4 0 -P4 7 ) 


Input port P4 


Input 


Analog input pin for the A-D converter The 64-pin model has three pins and the 80-pin model has eight 
pins They may also be used as digital input pins 


P5 0 — P5 7 


I/O port P5 


I/O 


Port P5 is an 8-bit I/O port and has basically the same functions as port PO. This port functions as an 8-bit 
data bus for the master CPU when slave mode is selected with a program. 


P6 0 — P6 7 


I/O port P6 


I/O 


Port P6 is an 8-bit I/O port and has basically the same function as port PO Pins P63— P67 change to a con- 
trol bus for the master CPU when slave mode is selected with a program Pins P6 0 — P6 2 may be program- 
med as external interrupt input pins 


D-Al D-A 2 


D-A output 


Output 


Analog signal from D-A converter is output 


Vref 


Reference voltage 
input 


Input 


Reference voltage input pin for A-D and D-A converter This pin is for 64-pin model only 


ADV REF 


A-D reference 
voltage input 


Input 


Reference voltage input pin for A-D converter This pin is for 80-pin model only 


DAV REF 


D-A reference 
voltage input 


Input 


Reference voltage input pin for D-A converter This pin is for 80-pin model only 


AV SS 


Analog power supply 




Ground level input pin for A-D and D-A converter Same voltage as V S s is applied 


AVcc 


Analog power supply 




Power supply input pin for A-D converter This pin is for 80-pin model only. Same voltage as V C c is applied 
In the case of the 64-pin model, AV C c is connected to V C c internally 


RD 


Read signal 
output 


Output 


Control signal output as active "L" when valid data is read from data bus This pin is for 80-pin model only 


WR 


Write signal 
output 


Output 


Control signal output as active "L" when writing data from data bus to external component. This pin is for 
80-pin model only 


RESETqut 


Reset output 


Output 


Control signal output as active "H" during reset It is used as a reset output signal for peripheral compo- 
nents. This pin is for 80-pin model only 
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PIN DESCRIPTION (EPROM mode) 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc, V ss 


Supply voltage 




Power supply inputs 5V±10% to V C c. and OV to V S s 


CNVss/Vpp 


Vpp 


Input 


Connect to V P p when programming or venting 


RESET 


Reset input 


Input 


Connect to V S s 


X|N 


Clock input 


Input 


Connect a ceramic or a quartz crystal oscillator between X| N and X 0 ut for clock oscillation 


XoUT 


Clock output 


Output 


4> 


Timing output 


Output 


For timing output 


SYNC 


Synchronous 
signal output 


Output 


Kept to open ("L" signal is output) 


R/VV 


Read/Write 
status output 


Output 


Kept to open ("H" signal is output). 


P0 0 -P0 7 


I/O port PO 


Input 


PO works as the lower 8-bit address input 


PI0-PI7 


I/O port P1 


Input 


P1o — PI5 work as the higher 6-bit address input P1 6 and P1 7 connect to V C c 


P2 0 -P2 7 


I/O port P2 


I/O 


P2 works as an 8-bit data bus 


P3 0 -P3 7 


I/O port P3 


Input 


Connect to V S s 


P4 0 -P4 7 
(P4 0 -P4 2 ) 


Input port P4 


Input 


Connect to V S s The 64-pin model has only three pins P4 0 — P4 2 


P5 0 — P5 7 


I/O port P5 


Input 


P5 0 , P5l P5 2 works as A 14 , OE, and CE inputs respectively Connect P53 and P5 4 to Vcc and P5s— P57 to 

Vss 


P6 0 — P6 7 


I/O port P6 


Input 


Connect to V S s 


D-Al D-A 2 


D-A output 


Output 


Kept to open 


Vref 


Reference voltage 
input 


Input 


Connect to V S s- This pin is for 64-pin model only 


ADV REF 


A-D reference 
voltage input 


Input 


Connect to Vss This pin is for 80-pin model only 


DAV REF 


D-A reference 
voltage input 


Input 


Connect to V ss This pin is for 80-pin model only 


AV SS 


Analog power 


Input 


Connect to Vss 


AVcc 


Analog power 


Input 


Connect to Vcc or V S s This pin is for 80-pin model only 


RD 


Read signal output 


Output 


Kept to open ("H" signal is output) This pin is for 80-pin model only 


WR 


Write signal 
output 


Output 


Kept to open ("H" signal is output) This pin is for 80-pin model only 


RESETqut 


Reset output 


Output 


Kept to open ("H" signal is output) This pin is for 80-pin model only 
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EPROM MODE 

The M37451 E4-XXXSP/FP/GP, M37451 E4SS/FS features 
an EPROM mode in addition to its normal modes. When the 
RESET signal level is low ("L") and CNV S s/V P p signal level 
is high ("H") , the chip automatically enters the EPROM 
mode. Table 1 list the correspondence between pins and 
Figure 1, 2 and 3 give the pin connections in the EPROM 
mode. When in the EPROM mode, ports PO, P1 0 — P1 5 . P2, 
P5 0 — P5 2 and CNV SS are used for the PROM (equivalent to 
the M5L27256). When in this mode, the built-in PROM can 
be written to or read from using these pins in the same way 
as with the M5L27256. The oscillator should be connected 
to the X| N and X 0 ut pins, or external clock should be con- 
nected to the X| N pin. 



Table 1. Pin function in EPROM mode 
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Fig. 1 Pin connection in EPROM mode (64-pin model) 
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Fig. 2 Pin connection in EPROM mode (0.8mm pitch 80-pin model) 



3-219 



MITSUBISHI MICROCOMPUTERS 

M37451E4-XXXSP/FP/GP,M37451E4SS FS 
M37451E8-XXXSP/FP/GP,M37451E8SS/FS 
M37451EC-XXXSP/FP/GP,M37451ECSS/FS 

PROM Version of M37451 Group 



Vcc 

-e- 



IHTtTTTTTTTTW 

<<<<<<<<<<<<<<<<: 



<<<<<< 



P4 2 MN 2 

P4i/ANi 

P4 0 /AN 0 

D-A 2 
D-Ai 

DAV REF 

ADVref 

AV SS 

AV CC 

V CC 

LYss 

P3 7 /S RD y 

P3 6 /S CL x 

P3 5 /T X D 

P3 4 /R X D 

— P3 3 /PWM OU t 

P3 2 /EV 3 

NC 
NC 

P3!/EV 2 



-EE 
-[I 
-1 

*-E 

— m 

-[67 

m 

(1 

[70 

-| 
-[I 
-[I 
-[77 
[78 
H 

-Ho 



c < < < < < < <"<< ^ ^ 

iniiuniuHunu 



o 



M37451E4-XXXGP 
or 

M37451E8-XXXGP 
or 

M37451 EC-XXXGP 



O 



o 



I]* 

30] 
29]- 

n 

m- 
m+ 

i] 

22]- 

1D- 



itr 

Vss 



HHttitnnftnnn 



lo uo in' 
Q- a. a. a. 



Vcc 



77T 

Vss 



Vcc 

-e- 



P1//Ai 5 - 
NC 

P2 0 /D 0 - 

P2i/Di 

P2 2 /D 2 

P23/D3 

P2 4 /D 4 - 

P2 5 /D 5 - 

P2 6 /D 6 - 

P2 7 /D 7 - 

V S s 



NC 

XoUT~ 
X|N 

NC 



3r 

Vss 
Oscillating 
■oj circuit 



CNVss/Vpp— Vp p 

RESETout 

SYNC 



"Sr v ss 



(^) Same functions as M5L27256. 



Fig. 3 Pin connection in EPROM mode (0.65mm pitch 80-pin model) 
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M37451E4-XXXSP/FP/GP f M37451E4SS/FS 
M37451E8-XXXSP/FP/GP,M37451E8SS/FS 
M37451EC-XXXSP/FP/GP,M37451ECSS/FS 

PROM Version of M37451 Group 



PROM READING, WRITING AND ERASING 
Reading 

To read the PROM, set the CE and OE pins to a "L" level, 
and supply OV to the RESET pin, 5V to the V cc pin and the 
CNV SS (V PP ) pin. Input the address of the data (A 0 — A 14 ) to 
be read and the data will be output to the I/O pins D 0 — D 7 . 
The data I/O pins will be floating when either the CE or OE 
pins are in the "H" state. 

Writing 

To write to the PROM, set the OE pin to an "H" level, and 
supply OV to the RESET pin, 6V to the V cc pin and 12.5V to 
the V PP pin. The CPU will enter the program mode when 
V PP is applied to the V PP pin. The address to be written* to 
is selected with pins A 0 — A 14 , and the data to be written is 
input to pins D 0 ^-D 7 . Set the CE pin to a "L" level to begin 
writing. 

Erasing 

Data can only erased on the M37451 E4SS/FS, 
M37451 E8SS/FS and M37451 ECSS/FS ceramic package, 
which includes a window. To erase data on this chip, use 
an ultraviolet light source with a 2537 Angstrom wave 
length. The minimum radiation power necessary for erasing 
is 15W«s/cm 2 . 



NOTES ON HANDLING 

(1) Sunlight and fluorescent light contain wave lengths 
capable of erasing data. For ceramic package types, 
cover the transparent window with a seal (provided) 
when this chip is in use. However, this seal must not 
contact the lead pins. 

(2) Before erasing, the glass should be cleaned and stains 
such as finger prints should be removed thoroughly. If 
these stains are not removed, complete erasure of the 
data could be prevented. 

(3) Since a high voltage is used to write data, care should 
be taken when turning on the PROM writer's power. 

(4) For the programmable microcomputer (shipped in 
blank or OTP type) , Mitsubishi does not perform 
PROM write test and screening in the assembly pro- 
cess and following process. To improve reliability after 
write, performing write and test according to the flow 
below before use is recommended. 

(5) In EPROM mode, address A 15 is set to "H" automati- 
cally. 



Writing with PROM writer 
Screening (Note) (Leave at 150°C for 40 hours) 



Verify test with PROM writer 

>L> 

Function check in target device 



Note I Since the screening temperature is higher than 
storage temperature, never expose to 150°C ex- 
ceeding 100 hours. 



Table 2. I/O signal in each mode 















Mode 


CE 


OE 


v PP 


Vcc 


Port P2 


Read-out 


V, L 


V, L 


5V 


5V 


Output 


Programming 


V,l 


V,H 


12. 5V 


6V 


Input 


Programming verify 


V, H 


V, L 


12. 5V 


6V 


Output 


Program disable 


V, H 


V, H 


12. 5V 


6V 


Floating 



Note 1 '. V, L and V, H indicate a "L" and "H" input voltage, respectively 
2 : An X indicates either V, u or V, H 
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MITSUBISHI MICROCOMPUTERS 



M37451 E4DXXXSP/FP 
M37451E8DXXXSP/FP 

PROM VERSION of 
M374S1 M4DXXXSP/FP , M374S1 M8DXXXSP/FP 



PIN CONFIGURATION (TOP VIEW) 



I/O port 
P3 



I/O port 
P5 



P37/Srdy 
P36/Sclk 
P3 5 /TxD 
P3 4 /RxD 
P3 3 /PWM OU t 
P3 2 /EV 3 
P3!/EV 2 
PSo/EV! 
P5 7 /DB 7 
P5 6 /DB 6 
P5 5 /DB 5 
P5 4 /DB 4 
P53/DB3 
P5 2 /DB 2 /CE 
P^/DBt/OE 
P5 0 /DB 0 /PGM 
P6 7 /W 
P6 6 /R 
P6 5 /CS 
P64/AO 
P63/PRDY 
P6 2 /INT 3 
P61/INT2 
P60/INT! 
Read/Write R/W •« 

status output 

Synchronous signal SYNC ■* 
output 



I/O port 
P6 



~E 
~E 
-E 
-E 
-E 
~GE 

-Hz 

~m 



CNV SS /Vpp 

Reset input 
Clock Input 
Clock output 
Timing output 



RESET - 

XoUT 4 



2 

CO 

^1 
01 

m 
00 
D 
X 
X 
X 
CO 



2 

CO 

Ol 

o m 
-« -&> 
D 
X 
X 
X 
CO 



13 

60|-* 



Reference 
" Vref voltage input 

— d-a/ 

D-A output 



1- 
!~ 

m~ 

50] 

a- 

46)** 

!~ 

44| ** 

a- 

1~ 

40]^ 



1~ 



D-A : 
P4 0 /AN 0 
PVAN, 
P4 2 /AN 2 , 
PO0/A0 

Pd/A! 

P0 2 /A 2 
PO3/A3 
PO4/A4 
P0 5 /A 5 
P0 6 /A 6 
P0 7 /A 7 
P1 0 /A 8 
P1i/A 9 
P1 2 /A 10 
PVA,, 
P1 4 /A 12 
PVA13 
P1 6 /Ai4 
PI7/A15 
P2 0 /D 0 
P2i/D; 
P2 2 /D 2 
P2 3 /D 3 
P2 4 /D 4 
P2 5 /D 5 
P2 6 /D 6 
P2 7 /D 7 



Input 
port P4 



, I/O port 
> PO 



I/O port 
P1 



I/O port 
P2 



Outline 64P4B 



DESCRIPTION 

The M37451 E4DXXXSP/FP is a single-chip microcomputer 
designed with CMOS silicon gate technology. It is housed 
in a 64-pin shrink plastic molded DIP or an 80-pin plastic 
molded QFP (0.8mm pitch) . The features of this chip are 
similar to those of the M37451 M4DXXXSP/FP except that 
this chip has a 8192 bytes PROM built-in. This single-chip 
microcomputer is useful for office automation appliances 
and consumer appliance controllers. 
In addition to its simple instruction sets, the PROM, RAM 
and I/O addresses are placed on the same memory map to 
enable easy programming. It also has a unique feature that 
enables it to be used as a slave microcomputer. 
Apart from the expansion in operating temperature range 
and consequent differences in electrical characteristics 
(Note), functions are the same as those of the M37451E4- 
XXXSP/FP. 

The differences between the M37451 E4DXXXSP/FP and 
M37451 E8DXXXSP/FP are as shown below. 



Type name 


ROM size 


RAM size 


M37451 E4DXXXSP/FP 


8192 bytes 


256 bytes 


M37451 E8DXXXSP/FP 


16384 bytes 


384 bytes 



The number of analog input pins for the 80-pin model (FP 
version) is different from the 64-pin model (SP version). In 
addition, the 80-pin model has special pins for RD, WR, 
RESETout, DAVr EF) ADV ref> AV cc . and the 64-pin model 
has a special V REF pin. 

Note '. The maximum value of supply current is 20mA. 

All other values are the same as that of M37451 E4- 
XXXSP/FP. 

FEATURES 

• Number of basic instructions 71 

69 MELPS 740 basic instructions + 2 multiply/divide 
instructions 

• Instruction execution time 

(minimum instructions at 12.5 MHz frequency) ••• 0.64/^s 



• Single power supply -- 5V±5% 

• Power dissipation normal operation mode 

(at 12.5 MHz frequency) 40mW 

• Subroutine nesting 96 levels max. 

• Interrupt 15 events 

• Master CPU bus interface •• 1 byte 

• 16-bit timer 3 

• 8-bit timer (Serial I/O use) 1 

• Serial I/O (UART or clock synchronous) 1 

• A-D converter (8-bit resolution) 3 channels (DIP) 

8 channels (QFP) 

• D-A converter (8-bit resolution) 2 channels 

• PWM output with 8-bit prescaler 

(Either resolution 8-bit or 16-bit is software selectable) ••• 1 

• Programmable I/O ports 

(Ports PO, P1, P2, P3, P5, P6) • 48 



• Input port (Port P4) 3 (DIP), 8 (QFP) 

• Output ports (Ports D-A^ D-A 2 ) 2 

• PROM (equivalent to the M5L27256) 

program voltage 12.5V 

• Operating temperature —40 to 85°C 

APPLICATION 

Industrial machinery 
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MITSUBISHI MICROCOMPUTERS 



M37451 E4DXXXSP/FP 
M37451E8DXXXSP/FP 

PROM VERSION of 
M37451M4DXXXSP/FP, M37451M8DXXXSP/FP 



PIN CONFIGURATION (TOP VIEW) 
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Z Z Z Z Z Z Z O r CJ PI <t «) ID S * J ? f r J r r 
<<<<<<<<<<<<<<<<<<<<<<< 






















aa22222°°°°2£°Q.Q.Q-Q.Q.aQ.D.lZ 
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liJiiaiiKiraraiaHRisiraRiiiii^i^Hrarararara 








P4 0 /AN 0 
D-A 2 


—+ m 

ITT 

— [66 


o 




P2 0 /D 0 
P2i/Di 




D-At 








P2 2 /D 2 




DAV REF 


—*■ (68 




37]- 


P2 3 /D 3 




ADVref 






MI— 


P2 4 /D 4 




AV SS 


m 




u— 


P2 5 /D 5 




AVcc 


\n 


M37451 E4DXXXFP 




P2 6 /D 6 




Vcc 


m 


or 




P2 7 /D 7 




V S s 


m 


u 


Vss 




P3 7 /Sr DY 


— in 


M37451 E8DXXXFP 


ID- 


<t> 




P3e/S C LK 






u 


NC 




P3 5 /TxD 








XouT 




P3 4 /RxD 


— tzl 






X|N 




P3 3 /PWM 0 ut 


~d 

[So 


O O 


13 


NC 




P3 2 /EV 3 
NC 


26]^ 

IK 


RESET 
CNVss 








lllliJllillJlsJIeJl^lijlsJIiolliiJIi^y 












nnmnununniiii 












Z UJ UJp Q Q Q Q Q Q Q >. ^ £ Z Z zl^l^ £ ^ ^j? 

">> ~n ""^ ~o SP Q_ CO SP "5, ^ ~o (/) UJ 

a. a. a. a. a. a. a. a. a. a. £ £ a. a. uj 






















Outline 80P6N 






NC '• No connection 
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MITSUBISHI MICROCOMPUTERS 

M37470M2-XXXSP,M37470M4-XXXSP 

M37470M8-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



DESCRIPTION 

The M37470M2-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
32-pin shrink plastic molded DIP. This single-chip micro- 
computer is useful for business equipment and other con- 
sumer applications. 

In addition to its simple instruction set, the ROM, RAM, and 
I/O addresses are placed on the same memory map to en- 
able easy programming. 

The differences among M37470M2-XXXSP, M37470M4- 
XXXSP and M37470M8-XXXSP are noted below. The fol- 
lowing explanations apply to the M37470M2-XXXSP. Speci- 
ficaiton variations for other chips are noted accordingly. 



Type name 


ROM size 


RAM size 


M37470M2-XXXSP 


4096 bytes 


128 bytes 


M37470M4-XXXSP 


8192 bytes 


192 bytes 


M37470M8-XXXSP 


16384 bytes 


384 bytes 



FEATURES 



69 



•4096 bytes (M37470M2) 
••128 bytes (M37470M2) 



Number of basic instructions 
Memory size 

ROM 

RAM 

Instruction execution time 

1/is (minimum instructions at 4MHz frequency) 

Single power supply 2 7~5.5V 

Power dissipation normal operation mode 

17.5mW (at 4MHz frequency) 

Subroutine nesting 64 levels max. (M37470M2) 

Interrupt 12types, 10vectors 

8-bit timer 4 

Programmable I/O ports 

(Ports P0, P1, P2, P4) 22 

Input port (Port P3) 4 

Serial I/O (8-bit) 1 

A-D converter 8-bit, 4channel 



APPLICATION 

Audio-visual equipment, VCR, Tuner 
Office automation equipment 



PIN CONFIGURATION (TOP VIEW) 



PVSrdy — E 
P1 6 /CLK<~E 
PVSout^GL 

pvs, N ~E 

PVTi^E 
P1 2 /T 0 ~E 

Pll—E 
pi 0 ~E 

P2 3 /IN 3 ~E 
P2 2 /IN 2 +*IIo 
PVIN! «~|TT 

P2 0 /IN 0 ~H 
Vr EF -HI 

XoUT^E 

V ss E 



222 

GO CO CO 

-J -si -J 

000 

■ 1 1 
XXX 
XXX 
XXX 
coco 00 
■DT3TJ 



j|*-*-po 7 

Hl^POe 

H~po 5 
U++P04 
H~P0 3 
ID** po 2 
U—Pd 

U^POo 

|Q«~ P4! 

23j~P4 0 

U^- P33/CNTR, 

2]]^P32/CNTRo 

ID^-Pa^INT! 

lU*-P3o/INTo 
jU — RESET 
13 V cc 



Outline 32P4B 
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M37470M2-XXXSP BLOCK DIAGRAM 

Reset 
input 



Clock Clock 
input output 

X|N XoUT 



RESET 

la) — 



Clock generating 
circuit 



Data Bus 



TV 



7Y 



(Note 2) 



TV 



RAM 

128 
bytes 



Program 


Program 


counter 


counter 


PC H (8) 


PC L (8) 



8-bit 
Arithmetic 
and 
logical 
unit 



Accumulator 
A(8) 



4\ 



Processor 
status 
register 
PS (8) 

"T^ 



Index 
register 
X(8). 

7T 



Index 
register 

iY(8) 

™7T" 



1Z. 



TV 



TV 



|P4(2) 



CNTRt CNTR<j 



TV 




Instruction 
register (8) 



Instruction"" 
decoder 



Control signal 



|PWM control] 



<2- 



|A-D converter I 



INT! 
(lNT 0 



P3(4) 



I/O port P4 



I P2(4) 



Byte 
counter (4) 



12. 



S 1/0(8) k 



© 

< ' V REF 

Input port P3 Reference 
voltage input 



~7V 



P1(8) 



P0(8) 

T" 



<xxlx3X£xlx6Xzxi) 



j 



I/O port P2 



I/O port PI 



I/O port PO 



Note 1 : 8192 bytes for M37470M4-XXXSP and 16384 bytes for M37470M8-XXXSP 
2 : 192 bytes for M37470M4-XXXSP and 384 bytes for M37470M8-XXXSP 
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MITSUBISHI MICROCOMPUTERS 

M37470M2-XXXSP,M37470M4-XXXSP 

M37470M8-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



FUNCTIONS OF M37470M2-XXXSP, M37470M4-XXXSP, M37470M8-XXXSP 



Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


1/us (minimum instructions, at 4MHz frequency) 


Clock frequency 


4MHz(max.) 


Memory size 


M37470M2-XXXSP 


ROM 


4096 bytes 


RAM 


128 bytes 


M37470M4-XXXSP 


ROM 


8192 bytes 


RAM 


192 bytes 


M37470M8-XXXSP 


ROM 


16384 bytes 


RAM 


384 bytes 


Input/Output port 


PO, P1 


I/O 


8-bitX2 


P2 


I/O 


4-bitX1 


P3 


Input 


4-bitXl 


P4 


I/O 


2-bitXl 


Serial I/O 


8-bitX1 


Timers 


8-bit timerX4 


A-D converter 


8-bitX1 (4 channels) 


Subroutine nesting 


M37470M2-XXXSP 


64 levels (max ) 


M37470M4-XXXSP 


96 levels (max ) 


M37470M8-XXXSP 


192 levels (max ) 


Interrupt 


5 external interrupts, 6 internal interrupts 
1 software interrupt 


Clock generating circuit 


Built-in with internal feedback resistor (ceramic or quarts crystal oscillator) 


Supply voltage 


2 7~5 5V 


Power dissipation 


17 5mW (at 4MHz frequency) 


Input/Output characters 


Input/Output voltage 


5V 


Output current 


-5~10mA(P0, P1, P2, P4 : CMOS tri-states) 


Operating temperature range 


-20~85°C 


Device structure 


CMOS silicon gate 


Package 


32-pin shrink plastic molded DIP 
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MITSUBISHI MICROCOMPUTERS 

M37470M2-XXXSP f M37470M4-XXXSP 

M37470M8-XXXSP 

SINGLE-CHIP U-BIT CMOS MICROCOMPUTER 



PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc. 
V S s 


Supply voltage 




Power supply inputs 2. 7~5. 5V to V C c. and OV to Vss- 


RESET 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2ms (under normal V C c 
conditions). 




Clock input 


Input 


These are I/O pins of internal clock generating circuit for main clock To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the X| N and Xout pins. If an external 
clock is used, the clock source should be connected the Xin pin and the Xout pin should be left open. 
Feedback resistor is connected between Xin and Xout- 


XoUT 


Clock output 


Output 


V REF 


Reference voltage 
input 


Input 


This is reference voltage input pin for the A-D converters. 


PQ 0 ~ P0 7 


I/O port PO 


I/O 


Port PO is an8-bit I/O port The output structure is CMOS output 

When this port is selected for input, pull-up transistor can be connected in units of 1-bit and a key on wake 
up function is provided 


P1 0 ~P17 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port The output structure is CMOS output. 

When this port is selected for input, pull-up transistor can be connected in units of 4-bit. P1 2 , PI3 are in 
common with timer output pins To, Ti. PI4, PI5, P16> PI7 are in common with serial I/O pins Sin, Sout> CLK, 
Sr D y> respectively. The output structure of Sout and Srdy can be changed to N-channel open drain output 


P2 0 ~P2 3 


I/O port P2 


I/O 


Port P2 is an 4-bit I/O port The output structure is CMOS output 

When this port is selected for input, pull-up transistor can be connected in units of 4-bit. 

This port is in common with analog input pins IN 0 ~IN 3 . 


P3 0 ~P3 3 


Input port P3 


Input 


Port P3 is ->n 4-bit input port. P3 0 , P3i are in common with external interrupt input pins INT 0 , INT1 and P3 2 , 
P3 3 are in common with timer input pins CNTRo, CNTR1. 


P4 0> P4, 


I/O port P4 


I/O 


Port P4 is an 2-bit I/O port The output structure is CMOS output When this port is selected for input, 
pull-up transistor can be connected in units of 2-bit 



4-6 



MITSUBISHI MICROCOMPUTERS 

M37470M2-XXXSP,M37470M4-XXXSP 

M37470M8-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 

The M37470 microcomputers use the standard MELPS 740 
instruction set. For details of instructions, refer to the 
MELPS 740 CPU core basic functions, or the MELPS 740 
Software Manual. 

Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 



7 0 

CPU mode register 
■ 1 ■ I . 1 ■ 1 I ■ I.I. I (Address 00FB 16 ) 

I 1 — This bit must always be set to "0 " 

' Stack page selection bit 

0 : In page 0 area 

1 .* In page 1 area 

' ' ' ' These bits must always be set to "0" 



Fig. 1 Structure of CPU mode register 



CPU Mode Register 

The CPU mode register is allocated to address 00FB 16 . 
This register has a stack page selection bit. 
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MITSUBISHI MICROCOMPUTERS 

M37470M2-XXXSP,M37470M4-XXXSP 

M37470M8-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



MEMORY 

• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 

• RAM 

RAM is used for data storage as well as a stack area. 

• ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 

• Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 



• Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

• Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 



RAM(192 bytes) 
for 

M37470M4 
M37470M8 



ROM 
(16K bytes) 
for 

M37470M8 



ROM 
(8K bytes) 
for 

M37470M4 



RAM (128 bytes) 
for 

M37470M2 



RAM (192 bytes) f 
for I 
M37470M8 I 



0000 16 

{ 007F 16 
00BF 16 

00FF 16 
0100 16 

01BF 16 



ROM 
(4K bytes) 
for 

M37470M2 



C000 16 

E000 16 
F000 16 

FF00 16 
FFEA 16 
FFFF 16 



Not used 



Not used 



Interrupt vector area 



> Zero page 



Special page for 
subroutine call 



Fig. 2 Memory map 
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MITSUBISHI MICROCOMPUTERS 

M37470M2-XXXSP,M37470M4-XXXSP 

M37470M8-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



00C0 16 


Port PO 


00E0 16 




00C1 16 


Port PO directional register 


00E1 16 




00C2 16 


Port P1 


00E2 16 




00C3 16 


Port P1 directional register 


00E3 16 




00C4 16 


Port P2 


00E4 16 




00C5 16 


Port P2 directional register 


00E5 16 




00C6 16 


Port P3 


00E6 16 




00C7 16 




00E7 16 




00C8 16 


Port P4 


00E8 16 




00C9 16 


Port P4 directional register 


00E9 16 




00CA 16 




00EA 16 




00CB 16 




00EB 16 




00CC 16 




00EC 16 




00CD 16 




00ED 16 




00CE 16 




00EE 16 




00CF 16 




00EF 16 




00D0 16 


PO pull-up control register 


OOF0 16 


Timer 1 


00D1 16 


P1~P4 pull-up control register 


O0F1 16 


Timer 2 


00D2 16 




00F2 16 


Timer 3 


00D3 16 




00F3 16 


Timer 4 


00D4 16 


Edge polarity selection register 


00F4 16 




00D5 16 




00F5 16 




00D6 16 


Input latch register 


00F6 16 




00D7 16 




00F7 16 


Timer FF register 


00D8 16 




' 00F8 16 


Timer 12 mode register 


00D9 16 


A-D control register 


00F9 16 


Timer 34 mode register 


00DA 16 


A-D conversion register 


00FA 16 


Timer mode register 2 


00DB 16 




00FB 16 


CPU mode register 


00DC 16 


Serial I/O mode register 


00FC 16 


Interrupt request register 1 


00DD 16 


Serial I/O register 


00FD 16 


Interrupt request register 2 


00DE 16 


Serial .I/O counter | Byte counter 


00FE 16 


Interrupt control register 1 


00DF 16 




00FF 16 


Interrupt control register 2 



Fig. 3 SFR (Special Function Register) memory map 
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When the device is put into power-down state by the STP 
instruction or the WIT instruction, if bit 5 in the edge polar- 
ity selection register is "1", the \NT, interrupt becomes a 
key on wake up interrupt. When a key on wake up interrupt 
is valid, an interrupt request is generated by applying the 
"L" level to any pin in port PO. In this case, the port used for 
interrupt must have been set for the input mode. 
If bit 5 in the edge polarity selection register is "0" when 
the device is in power-down state, the INTi interrupt is 
selected. Also, if bit 5 in the edge polarity selection regis- 
ter is set to "1" when the device is not in a power-down 
state, neither key on wake up interrupt request nor INT, in- 
terrupt request are generated. 

The CNTRq/CNTR! interrupts function in the same as INT 0 
and INT^ The interrupt input pin can be specified for either 
CNTR 0 or CNTR t pin by setting bit 4 in the edge polarity 
selection register. 

Figure 4 shows the structure of the edge polarity selection 
register, interrupt request registers 1 and 2, and interrupt 
control registers 1 and 2. 

Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is "1", interrupt 
request bit is "1", and the interrupt disable flag is "0". The 
interrupt request bit can be reset with a program, but not 
set. The interrupt enable bit can be set and reset with a 
program. 

Reset is treated as a non-maskable interrupt with the high- 
est priority. Figure 5 shows interrupts control. 



Table 1. Interrupt vector address and priority 



Event 


Priority 


Vector addresses 


Remarks 


RESET 


1 


FFFF 16 , FFFE 16 


Non-maskable 


INT 0 interrupt 


2 


FFFD 16 , FFFC 16 


External interrupt (phase programmable) 


INT, interrupt or key on wake up interrupt 


3 


FFFB 16 , FFFA 16 


External interrupt (INT, is phase programmable) 


CNTRo interrupt or CNTR! interrupt 


4 


FFF9 16 , FFF8 16 


External interrupt (phase programmable) 


Timer 1 interrupt 


5 


FFF7 16 , FFF6 16 




Timer 2 interrupt 


6 


FFF5 16 , FFF4 16 




Timer 3 interrupt 


7 


FFF3 16 , FFF2 16 




Timer 4 interrupt 


8 


FFF1 16 , FFF0 16 




Serial I/O interrupt 


9 


FFEF 16 , FFEE 16 




A-D conversion completion interrupt 


10 


FFED 16 , FFEC 16 




BRK instruction interrupt 


11 


FFEB 16 , FFEA 16 


Non-maskable software interrupt 



INTERRUPTS 

Interrupts can be caused by 12 different events consisting 
of five external, six internal, and one software events. 
Interrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op- 
eration is similar to an interrupt. 

When an interrupt is accepted, the registers are pushed, 
interrupt disable flag I is set, and the program jumps to the 
address specified in the vector table. The interrupt request 
flag is cleared automatically. The reset and BRK instruction 
interrupt can never be inhibited. Other interrupts are dis- 
abled when the interrupt inhibit flag is set. 
All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter- 
rupt request bits are in interrupt request registers 1 and 2 
and the interrupt enable bits are in interrupt control regis- 
ters 1 and 2. External interrupts INT 0 and INTt can be 
asserted on either the falling or rising edge as set in the 
edge polarity selection register. When "0" is set to this reg- 
ister, the interrupt is activated on the falling edge; when "1" 
is set to the register, the interrupt is activated on the rising 
edge. 
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II 



II 



7 0 

1 I I 1 1 I I I I Edge poarity selection register (EG) 

(Address 00D4 16 ) 



■ INT 0 edge selection bit 

- INTt edge selection bit 

- CNTR 0 edge selection bit 

■ CNTR! edge selection bit 

0 .* Falling edge 

1 : Rising edge 



CNTRq/CNTR! interrupt selection bit 

0 : cntRq 

1 : cntr! 

INTi source selection bit (at power-down state) 

0 : P3,/\m, 

1 : P0 0 ~P0 7 "L" level (for key on wake up) 



I Interrupt request register 1 [_ 
(Address 00FC 16 ) 

- Timer 1 interrupt request bit 

- Timer 2 interrupt request bit 

- Timer 3 interrupt request bit 

- Timer 4 interrupt request bit 

- Serial I/O interrupt request bit 

- A-D conversion completion 

interrupt request bit 



m 



J Interrupt request register 2 
(Address 0OFD 16 ) 

— INT 0 interrupt request bit 

— INTt interrupt request bit 

CNTRq or CNTRt interrupt request bit 



No interrupt request 
Interrupt requested 



J Interrupt control register 1 [ 
(Address 00FE 16 ) 

— Timer 1 interrupt enable bit 

— Timer 2 interrupt enable bit 

— Timer 3 interrupt enable bit 

— Timer 4 interrupt enable bit 

— Serial I/O interrupt enable bit 

— A-D conversion completion 

interrupt enable bit 



Interrupt control register 2 
(Address 00FF 16 ) 

- INT 0 interrupt enable bit 
~ INTt interrupt enable bit 
CNTR 0 or CNTR, interrupt enable bit 



0 .' Interrupt disable 

1 '. Interrupt enabled 



Fig. 4 Structure of registers related to interrupt 



Interrupt request bit 
Interrupt enable bit 



Interrupt disable flag I 




BRK instruction 
reset 



- Interrupt request 



Fig. 5 Interrupt control 
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TIMER 

The M37470M2-XXXSP has four timers; timer 1, timer 2, 
timer 3 and timer 4. 

A block diagram of timer 1 through 4 is shown in Figure 6. 
Timer 1 can be operated in the timer mode, event count 
mode, or pulse output mode. Timer 1 starts counting when 
bit 0 in the timer 12 mode register (address 00F8 16 ) is set 
to "0". 

The count source can be selected from the f(X| N ) divided 
by 16 or event input from P3 2 /CNTR 0 pin. When bit 1 in the 
timer 12 mode register is "0", f (X !N ) divided by 16 is 
selected. When bit 1 in the timer 12 mode register is "1", 
an event input from the CNTR 0 pin is selected. Event inputs 
are selected depending on bit 2 in the edge polarity selec- 
tion register (address 00D4 16 ). When this bit is "0", the in- 
verted value of CNTR 0 input is selected; when the bit is 
"1", CNTR 0 input is selected. 

When bit 3 in the timer 12 mode register is set to "1", the 
P1 2 pin becomes timer output T 0 . When the direction regis- 
ter of P1 2 is set for the output mode at this time, the timer 1 
overflow divided by 2 is output from T 0 . The initial output 
value can be set by writing the value to bit 0 in the timer FF 
register (address 00F7 16 ) after setting "1" to bit 0 in timer 
mode register 2. 

Timer 2 can only be operated in the timer mode. Timer 2 
starts counting when bit 4 in the timer 12 mode register is 
set to "0". 

The count source can be selected from the divide by 16, 
divide by 64, divide by 128, or divide by 256 frequency of 
f(X| N ), and timer 1 overflow. When bit 5 in the timer 12 
mode register is "0", any of the divide by 16, divide by 64, 
divide by 128, or divide by 256 frequency of f (X| N ) is 
selected. The divide ratio is selected according to bit 6 and 
bit 7 in the timer 12 mode register. When bit 5 in the timer 
12 mode register is "1", timer 1 overflow is selected as the 
count source. 

Timer 3 can be operated in the timer mode, event count 
mode, or PWM mode. Timer 3 starts counting when bit 0 in 
the timer 34 mode register (address 00F9 16 ) is set to "0". 
The count source can be selected from the f(X IN ) divided 
by 16, timer 1 or timer 2 overflow, or an event input from 
P33/CNTR! pins according to the statuses of bit 1 and bit 2 
in the timer 34 mode register, bit 6 in the timer mode regis- 
ter 2 (address 00FA 16 ). Note, however, that if timer 1 over- 
flow or timer 2 overflow is selected for the count source of 
timer 3 when timer 1 overflow is selected for the count 
source of timer 2, timer 1 overflow is always selected re- 
gardless of the status of bit 6 in the timer mode register 2. 
Event inputs are selected depending on bit 3 in the edge 
polarity selection register. When this bit is "0", the inverted 
value of CNTRi input is selected; when the bit is "1", 
CNTRi input is selected. 

Timer 4 can be operated in the timer mode, event count 



mode, pulse output mode, pulse width measuring mode, or 
PWM mode. Timer 4 starts counting when bit 3 in the timer 
34 mode register is set to "0" when bit 6 in this register is 
"0". When bit 6 is "1", the pulse width measuring mode is 
selected. The count source can be selected from timer 3 
overflow, the f(X| N ) divided by 16, timer 1 or timer 2 over- 
flow, or an event input from P3 3 /CNTR 1 pins according to 
the statuses of bit 4 and bit 5 in the timer 34 mode register, 
bit 6 in the timer mode register 2. Note, however, that if 
timer 1 overflow or timer 2 overflow is selected for the 
count source of timer 4 when timer 1 overflow is selected 
for the count source of timer 2, timer 1 overflow is always 
selected regardless of the status of bit 6 in the timer mode 
register 2. Event inputs are selected depending on bit 3 in 
the edge polarity selection register. When this bit is "0", the 
inverted value of CNTRi input is selected; when the bit is 
"1", CNTR 1 input is selected. 

When bit 7 in the timer 34 mode register is set to "1", the 
P1 3 pin becomes timer output T^ When the direction regis- 
ter of P1 3 is set for the output mode at this time, the timer 4 
overflow divided by 2 is output from when bit 7 in the 
timer mode register 2 is "0". The initial output value can be 
set by writing the value to bit 1 in the timer FF register after 
setting "1" to bit 1 in timer mode register 2. 

(1) Timer mode 

Timer perform down count operations with the dividing ratio 
being 1/ (n + T) . Writing a value to the timer latch sets a 
value to the timer. When the value to be set to the timer 
latch is nn 16 , the value to be set to a timer is nn 16 , which is 
down counted at the falling edge of the count source from 
nn 16 to (nn 16 -l) to (nn 16 -2) to...01 16 to 00 16 to FF 16 . At the 
falling edge of the count source immediately after timer 
value has reached FF 16 , value (nn 16 -1) obtained by sub- 
tracting one from the timer latch value is set (reloaded) to 
the timer to continue counting. At the rising edge of the 
count source immediately after the timer value has reached 
FF 16 , an overflow occurs, an interrupt request. 

(2) Event count mode 

Timer operates in the same way as in the timer mode ex- 
cept that it counts input from the CNTR 0 or CNTRi pin. 

(3) Pulse output mode 

In this mode, duty 50% pulses are output from the T 0 or 
pin. When the timer overflows, the polarity of the T 0 or 
pin output pin level is inverted. 

(4) Pulse width measuring mode 

The M37470 can measure the "H" or "L" width of the 
CNTR 0 or CNTRt input waveform by using the pulse width 
measuring mode of timer 4. The pulse width measuring 
mode is selected by writing "1" to bit 6 in the timer 34 
mode register. In the pulse width measuring mode, the tim- 
er counts the count source while the CNTR 0 or CNTRt input 
is "H" or "L". Whether the CNTR 0 input or CNTRi input be 
measured can be specified by the status of bit 4 in the 



AMITSUBISt 
ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M37470M2-XXXSP,M37470M4-XXXSP 

M37470M8-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



edge polarity selection register; whether the "H" width or 
"L" width be measured can be specified by the status of bit 
2 (CNTRo) and bit 3 (CNTR^ in the edge polarity selec- 
tion register. 
(5) PWM mode 

The PWM mode can be entered for timer 3 and timer 4 by 
setting bit 7 in the timer mode register 2 to "1". In the PWM 
mode, the P1 3 pin is set for timer output T-, to output PWM 
waveforms by setting bit 7 in the timer 34 mode register to 
"1". The directional register of P1 3 must be set for the out- 
put mode before this can be done. 

In the PWM mode, timer 3 is counting and timer 4 is idle 
while the PWM waveform is "L". When timer 3 overflows, 
the PWM waveform goes "H". At this time, timer 3 stops 
counting simultaneously and timer 4 starts counting. When 
timer 4 overflows, the PWM waveform goes "L", and timer 4 
stops and timer 3 starts counting again. Consequently, the 
"L" duration of the PWM waveform is determined by the 
value of timer 3; the "H" duration of the PWM waveform is 
determined by the value of timer 4. 

When a value is written to the timer in operation during the 
PWM mode, the value is only written to the timer latch, and 
not written to the timer. In this case, if the timer overflows, a 
value one less the value in the timer latch is written to the 
timer. When any value is written to an idle timer, the value 
is written to both the timer latch and the timer. 
In this mode, do not select timer 3 overflow as the count 
source for timer 4. 



INPUT LATCH FUNCTION 

The M37470 can latch the P3 0 /INT 0 , P3i/INTi, P3 2 /CNTR 0 , 
and P33/CNTR! pin level into the input latch register 
(address 00D6 16 ) when timer 4 overflows. The polarity of 
each pin latched to the input latch register can be selected 
by using the edge polarity selection register. When bit 0 in 
the edge polarity selection register is "0", the inverted 
value of the P3 0 /INT 0 pin level is latched; when the bit is 
"1", the P3 0 /INT 0 pin level is latched as is. When bit 1 in 
the edge polarity selection register is "0", the inverted 
value of the P3^/\HJ^ pin level is latched; when the bit is 
"1", the P3 1 /INT 1 pin level is latched as is. When bit 2 in 
the edge polarity selection register is "0", the inverted 
value of the P3 2 /CNTR 0 pin level is latched; when the bit is 
"1", the P3 2 /CNTR 0 pin level is latched as is. When bit 3 in 
the edge polarity selection register is "0", the inverted 
value of the P33/CNTR! pin level is latched; when the bit is 
"1", the P33/CNTR! pin level is latched as is. 
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Data bus 



CM 7 



P3 2 /CNTR 0 O 



PI2/T0O- 



3 ort la 



EG 2 
Port latch 



/8k— ^C T12M 2 
- 1 T T12M 0 

> T12M, ^ 



T12M 3 



T12M 6 
T12M 7 



-|j/i^-oV 



P3 3 /CNTR 



Timer 1 latch (8) 



Timer 1 (8) 



T 



T12M 5 



Timer 2 latch (8) 



TI2M4 1 - 



Timer 2 (8) 



~TM2 6 
" T34M! 
T34M 2 _ 

T34M ( 



,\>-^T34M 0 



Timer 3 latch (8) 



Timer 3 (8) 



T34M 4 
T34M 5 



£ 



P13/T! O ( ^ 



Port latch ^EG T34M 6 -DTX 

I 4 TO /IK /I 



Timer 4 latch (8) 

I 

Timer 4 (8) 



T34M 3 



T34M 7 



P3 2 /CNTR 0 (>ij^2)J92 



P3 0 /INT 0 cU-{>o->^) EG ° 
Select gate : At reset, shaded side is connected 



C 

D3 Q3 
D2 Q2 
D1 Q1 
DO QO 



^Timer 1 

" interrupt request 



Timer 2 
* interrupt request 



^ Timer 3 
interrupt request 



^ Timer 4 

* interrupt request 



Fig. 6 Block diagram of timer 1 through 4 
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Timer mode register 2 (TM2) 
(Address 00FA 16 ) 



' — Timer 1 overflow FF set enable bit 

0 : Set disable 

1 : Set enable 

— Timer 4 overflow FF set enable bit 

0 : Set disable 

1 : Set enable 



- Timer 3, timer 4 count overflow signal 

selection bit 

0 .* Timer 1 overflow 

1 '. Timer 2 overflow 

- Timer 3, timer 4 function selection bit 

0 : Normal mode 

1 : PWM mode 



u 



J Timer 12 mode register (T12M) 
(Address 00F8 16 ) 

— Timer 1 count stop bit 

0 : Count start 

1 : Count stop 

— Timer 1 count source selection bit 

0 : f(X IN ) divided by 16 

1 : P3 2 /CNTR 0 external clock 



J Timer 34 mode register (T34M) 
(Address 0OF9 16 ) 



1 — Timer 3 count stop bit 

0 I Count start 

1 : Count stop 



• Timer 3 count source selection bit 

00 : f(X, N ) divided by 16 

01 : Not used 

10 '. Timer 1 overflow or timer 2 overflow 

1 1 : P3 3 /CNTR 1 external clock 



Timer 4 count stop bit 

0 : Count start 

1 '. Count stop 

Timer 4 count source selection bit 

00 : Timer 3 overflow 

01 : f(X, N ) divided by 16 

10 : Timer 1 overflow or timer 2 overflow 

1 1 : P33/CNTR, external clock 



Timer 4 pulse width measuring mode 

selection bit 

0 .' Timer mode 

1 : Pulse width measuring mode 



P^\^^^ port output selection bit 

0 : P1 3 port output 

1 ! Timer 4 overflow divided by 2 

or PWM output 



This bit must be set to "0" 



P1 2 /T 0 port output selection bit 

0 I P1 2 port output 

1 ' Timer 1 overflow divided by 2 

Timer 2 count stop bit 

0 '. Count start 

1 Count stop 



Timer 2 count source selection bit 

0 ' Internal clock 

1 '. Timer 1 overflow 



Timer 2 internal clock source 

selection bit 

00 : f(X, N ) divided by 16 

01 : f(X, N ) divided by 64 

10 : f(X, N ) divided by 128 

11 : f(X, N ) divided by 256 



Fig. 7 Structure of timer mode registers 
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SERIAL I/O 

The block diagram of serial I/O is shown in Figure 8. In the 
serial I/O mode, the receive ready signal (S RDY ) synchro- 
nous input/ output clock (CLK), and the serial I/O (S 0 ut, 
S, n ) pins are used as P1 7 , P1e> PI5. and P1 4 , respectively. 
The serial I/O mode register (address 00DC 16 ) is an 8-bit 
register. Bit 2 of this register is used to select a synchro- 
nous clock source. When this bit is "0", an external clock 
from P1 6 is selected. When this bit is "1" an internal clock 
is selected. 

The internal clock can be selected from among the divide 
by 8, divide by 16, divide by 32, divide by 512 frequency of 



the oscillator frequency f(X| N ). The divide ratio is selected 
according to bit 0 and bit 1 in the serial I/O mode register. 
Bits 3 and 4 decide whether parts of P1 will be used as a 
serial I/O or not. When bit 3 is "1", P1 6 becomes an I/O pin 
of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P1 6 . If the exter- 
nal synchronous clock is selected, the clock is input to P1 6 - 
And P1 5 will be a serial output. To use P1 4 as a serial input, 
set the directional register bit which corresponds to P1 4 , to 
"0". For more information on the directional register, refer to 
the I/O pin section. 



x,n o-4j^|-H>f^ 

CM 7 

SA RD y 

^4 



Counter 



1/2 



1/4 



p \0 vd \d 



SM 5 



Sync circuit 



CLK input 



CLK output- 



1/64 
SM 0 



Serial I/O counter (3) 



■ — N _ Serial I/O 

\ J =** interrupt request 



Byte counter (4) 



H 




Data bus 



3^ 



Serial I/O register (8) 



<2 



s-C£ 



4- 



Select gate : At reset, shaded side is connected 



Fig. 8 Block diagram of serial I/O 
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Bit 4 determines if P1 7 is used as an output pin for the re- 
ceive ready signal (bit 4="1", S RDY ) or used as a normal 
I/O pin (bit 4="0"). 

When the P1 7 pin is used as the S RDY output pin, output 
signal can be selected between S RDY signal and SA RDY sig- 
nal by using bit 5 in the serial I/O mode register. The S RDY 
signal is driven "L" by a signal written into the serial I/O 
register to inform that the device is ready to receive. Then, 
the S RDY signal is driven "H" on the first falling edge of the 
transfer clock. 

The SA RDY signal is driven "H" by a signal written into the 
serial I/O register, and driven "L" on the last rising edge of 
the transfer clock. 

The function of serial I/O differs depending on the clock 

source; external clock or internal clock. 

Internal Clock—The serial I/O counter is set to 7 when data 



is stored in the serial I/O register. At each falling edge of 
the transfer clock, serial data is output to P1 5 . During the 
rising edge of this clock, data can be input from P1 4 and 
the data in the serial I/O register will be shifted 1 bit. Data 
is output starting with the LSB. After the transfer clock has 
counted 8 times, the serial I/O register will be empty and 
the transfer clock will remain at a high level. At this time 
the interrupt request bit will be set. 

External Clock— If an external clock is used, the interrupt 
request bit will be set after the transfer clock has counted 8 
times but the transfer clock will not stop. Due to this 
reason, the external clock must be controlled from the out- 
side. 

Timing diagrams are shown in Figure 9. 




Interrupt request bit set 



Fig. 9 Serial I/O timing 
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Serial I/O mode register (SM) 

(Address 00DC 16 ) 

Internal clock selection bit 

00 : f(X, N ) divided by 8 

01 : f(X, N ) divided by 16 

10 : f(X IN ) divided by 32 

11 : f(X IN ) divided by 512 

Synchronous clock selection bit 

0 : External clock 

1 '. Internal clock 



Serial I/O port selection bit 

0 '. Normal I/O ports 

1 • Sout. CLK pins 

Srdy signal output selection bit 

0 : Normal I/O port 

1 : Srdy signal output pin 



Srdy signal selection bit 

0 : S RD y signal 

1 : SArdy signal 



Serial I/O byte specify mode selection bit 

0 : Normal mode 

1 : Byte specify mode 

PI5/S0UT. PVSrdy output structure selection bit 

0 : CMOS output 

1 I N-channel open drain output 



Fig. 10 Structure of serial I/O mode register 



BYTE SPECIFY MODE 

The serial I/O has a byte specify mode that allows one 
specific byte data to be selected tor transmission or recep- 
tion when serial I/O circuits of two or more microcomputers 
are connected to send or receive data through one bus. 
The data to be sent or received can be specified by writing 
a value into the byte counter. The value written in the byte 
counter is decremented by one each time eight cycles of 
transfer clock are input. When the value in the byte counter 
becomes "0", serial transmission/reception is done by the 
next eight cycles of transfer clock. When the value in the 
byte counter is not "0", the output on the 

Sout pin is driven 

"H" by the falling edge of the first transfer clock pulse to in- 
hibit transmission/reception. 

Serial I/O interrupt requests are generated only when se- 
rial transmission/reception is done after the value in the 
byte counter is decremented to "0". When the SA RDY signal 
output is selected, the SA RDY signal is driven "L" by the last 
rising edge of the transfer clock after the value in the byte 
counter is decremented to "0". 

Note that in the byte mode, an external clock must be used 
as the sync, clock for the purpose of the mode. 
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A-D CONVERTER 

The A-D conversion uses an 8-bit successive comparison 
method. Figure 11 shows a block diagram of the A-D con- 
version circuit. Conversion is automatically carried out once 
started by the program. 

There are four analog input pins which are shared with P2 0 
to P2 3 of port P2. Which analog inputs are to be A-D con- 
verted is specified by using bit 2 to bit 0 in the A-D control 
register (address 00D9 16 ) . Pins for inputs to be A-D con- 
verted must be set for input by setting the directional regis- 
ter bit to "0". Bit 3 in the A-D control register is a A-D con- 
version end bit. This is "0" during A-D conversion; it is set 
to "1" when the conversion is terminated. Therefore, it is 
possible to know whether A-D conversion is terminated by 
checking this bit. Bit 4 in the A-D control register is a V REF 
connection selection bit. During A-D conversion, this bit 
must be set "1" for the ladder resistor and V REF pin to be 
connected; after the A-D conversion is terminated, this bit 
can be reset to "0" to separate the ladder resistor from the 
V REF pin. In this way, power consumption in the ladder re- 
sistor can be suppressed while no A-D conversion is per- 
formed. Figure 13 shows the relationship between the con- 
tents of A-D control register and the selected input pins. 
The A-D conversion register (address 00DA 16 ) contains in- 
formation on the results of conversion, so that it is possible 
to know the results of conversion by reading the contents of 
this register. 

The following explains the procedure to execute A-D con- 
version. First, set values to bit 2 to bit 0 in the A-D control 



register to select the pins that you want to execute A-D 
conversion. Next, clear the A-D conversion terminate bit to 
"0". When the above is done, A-D conversion is initiated. 
The A-D conversion is completed after an elapse of 50 
machine cycles (25//S when f (X, N ) = 4MHz) , the A-D con- 
version end bit is set to "1", and the interrupt request bit is 
set to "1". The results of conversion are contained in the 
A-D conversion register. 



A-D control register 

(Address 00D9 16 ) 



Analog input selection bit 

000 : I N 0 

001 : INi 

010 : IN 2 

011 : in 3 

-A-D conversion end bit 

0 '■ Under conversion 

1 : End conversion 

-V REF connection selection bit 

0 V R ef is separated 

1 : V R ef is connected 

-This bit must be set to "0" 



Fig. 12 Structure of A-D control register 



Data bus 



7\ 



P2 0 /IN 0 O 



P2 2 /IN 2 O- 



P2 3 /IN 3 O 



bit 4 



bitO 



I l i 



A-D control register 
(Address 00D9 16 ) 



Comparator, 



A-D control circuit 




A-D conversion register 
(Address 00DA 16 ) 



Switch 


tree 






Ladder resistor 



6 

Vss 



A-D interrupt request 



Fig. 1 1 A-D converter circuit 



4-19 



MITSUBISHI MICROCOMPUTERS 

M37470M2-XXXSP,M37470M4-XXXSP 

M37470M8-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



KEY ON WAKE UP 

"Key on wake up" is one way of returning from a power 
down state caused by the STP or WIT instruction. If any ter- 
minal of port PO has a "L" level applied, after bit 5 of the 
edge polarity selection register (EG 5 ) is set to "1", an in- 
terrupt is generated and the microcomputer is returned to 
the normal operating state. A key matrix can be connected 
to port PO and the microcomputer can be returned to a nor- 
mal state by pushing any key. 



The key on wake up interrupt is common with the IN^ in- 
terrupt. When EG 5 is set to "1", the key on wake up func- 
tion is selected. However, key on wake up cannot be used 
in the normal operating state. When the microcomputer is in 
the normal operating state, both key on wake up and TnT^ 
are invalid. 



P33/CNTR! 



► Port P3 3 data read circuit 



P3 2 /CNTR 0 



EG 3 
EG 2 



EG 4 



■ CNTR interrupt request signal 



- Port P3 2 data read circuit 



PVINT! 



o-fl^O — i 

CM7 



EG< 



Noise 
eliminating 
circuit 



Port P3 0 data read circuit 
INT 0 interrupt request signal 



L>~i-f 



Noise 
eliminating 
EGt circuit 



- Port P3i data read circuit 

EG 5 

' — HD — INT) interrupt request signal 




Pull-up 

control register 
Directional register 

S3 



CPU halt 

state signal ~j } — 




Pull-up 

control register 
Directional register 



contr 

P0 0 |^r c G>^- Direi 

□ r iz> 



pull-up 

control register 
Directional register 



} Port PO data read circuit 



4- 



Select gate At reset, shaded side is connected 



Fig. 13 Block diagram of interrupt input and key on wake up circuit 
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RESET CIRCUIT 

The M37470M2-XXXSP is reset according to the sequence 
shown in Figure 15. It starts the program from the address 
formed by using the content of address FFFF 16 as the high 
order address and the content of the address FFFE 16 as the 
low order address, when the RESET pin is held at "L" level 
for no less than 2ms while the power voltage is in the re- 
commended operating condition and then returned to "H" 
level. 

The internal initializations following reset are shown in Fi- 
gure 14. 

Immediately after reset, timer 3 and timer 4 are connected, 
and f (X tN ) divided by 16 are counted. At this time, FF 16 is 
set to timer 3, and 07 16 is set to timer 4. The reset is 
cleared when timer 4 overflows. 





Address 


















(1)Port PO directional register 


(C1i 6 )- 


oo 16 


(2) Port P1 directional register 


(C3 16 )- 








00, 6 








(3) Port P2 directional register 


(C5 16 )- 










0 


0 


0 


0 


(4) Port P4 directional register 


(C9 16 )- 














0 


0 


(5)P0 pull-up control register 


(D0 16 )- 


00i 6 


(6)P1~P4 pull-up control register 


(D1 16 )- 








0 




0 


0 


0 


(7) Edge selection register 


(EG) (D4 16 )- 






0 


0 


0 


0 


0 


0 


(8)A-D control register 


(D9 16 )- 


0 






0 


1 


0 


0 


0 


(9) Serial I/O mode register 


(SM) (DC 18 )- 


oo 16 ' 


(10) Timer 12 mode register (T12M) (F8 16 )--- 


oo 16 


(11) Timer 34 mode register (T34M) (F9 16 ) — 


00 16 


(1Z)Timer mode register 2 (TM2) (FA 16 ) — 


0 


0 










0 


0 


(13) CPU mode register 


(CM) (FB 16 )- 


0 


0 


0 


0 




0 


0 


0 


(14) Interrupt request register 1 


(FC 18 )- 


0 


0 






0 


0 


0 


0 


(15) Interrupt request register 2 


(FD 16 )- 












0 


0 


0 


(16) Interrupt control register 1 


(FE ia )- 


0 


0 










0 


0 


(17) Interrupt control register 2 


(FF 16 )- 












0 


0 


0 


(18) Program counter 


(pc„)- 


Contents of address 
FFFF 16 




(PC U )- 


Contents of address 
FFFE 16 


(19) Processor status register 


(PS)- 












1 






Note : Since the contents of both registers other than those listed 
above (including timers and the serial I/O register) are unde- 
fined at reset, it is necessary to set initial values 



Fig. 14 Internal state of microcomputer at reset 



f(x lN ) J~|_"| 



RESET f 

Internal 



RESET 
SYNC 

Address 
Data 



.JIUW 




32768 counts of f(X, N ) 



Reset address 
from the vector table 



Note 1 : Frequency relation of f(X, N ) and <f> is f(X, N )=2 • 0 

2 : The mark " ? " means that the address is changeable 
depending upon the previous state 



Fig. 15 Timing diagram at reset 
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I/O PORTS 

(1) PortPO 

Port PO is an 8-bit I/O port with CMOS outputs. As 
shown in Figure 2, PO can be accessed as memory 
through zero page address 00C0 16 . Port PO's direction- 
al register allows each bit to be programmed indi- 
vidually as input or output. The directional register 
(zero page address 00C1 16 ) can be programmed as 
input with "0", or as output with "1". When in the output 
mode, the data to be output is latched to the port latch 
and output. When data is read from the output port, the 
output pin level is not read, only the latched data of the 
port latch is read. Therefore, a previously output value 
can be read correctly even though the output voltage 
level has been shifted up or down. Port pins set as in- 
put are in the high impedance state so the signal level 
can be read. When data is written into the input port, 
the data is latched only to the output latch and the pin 
still remains in the high impedance state. Following the 
execution of STP or WIT instruction, key matrix with 
port PO can be used to generate the interrupt to bring 
the microcomputer back in its normal state. When this 
port is selected for input, pull-up transistor can be con- 
nected in units of 1-bit. 

(2) PortPI 

Port P1 has the same function as port PO. P1 2 ~P17 
serve dual functions, and the desired function can be 
selected by the program. When this port is selected for 
input, pull-up transistor can be connected in units of 4- 
bit. 

(3) PortP2 

Port P2 is an 4-bit I/O port and has basically the same 
functions as port PO. This port can also be used as an 
analog voltage input pin. When this port is selected for 
input, pull-up transistor can be connected in units of 4- 
bit. 

(4) Port P3 

Port P3 is an 4-bit input port. 



(5) Port P4 

Port P4 is an 2-bit I/O port and has basically the same 
functions as port PO. When this port is selected for in- 
put, pull-up transistor can be connected in units of 2- 
bit. 

(6) INT 0 pin (P3 0 /INT 0 pin) 

This is an interrupt input pin, and is shared with port 
P3 0 . When a "H" to "L" or a "L" to "H" transition input is 
applied to this pin, the INT 0 interrupt request bit (bit 0 
of address 00FD 16 ) is set to "1". 

(7) INTi pin (PVINT, pin) 

This is an interrupt input pin, and is shared with port 
P3!. When a "H" to "L" or a "L" to "H" transition input is 
applied to this pin, the INTt interrupt request bit (bit 1 
of address 00FD 16 ) is set to "1". 

(8) Counter input CNTR 0 pin (P3 2 /CNTR 0 pin) 

This is a timer input pin, and is shared with port P3 2 . 
When this pin is selected to CNTR 0 or CNTR, interrupt 
input pin and a "H" to "L" or a "L" to "H" transition input 
is applied to this pin, the CNTR 0 or CNTR 1 interrupt re- 
quest bit (bit 2 of address 00FD 16 ) is set to "1". 

(9) Counter input CNTR! pin (P33/CNTR! pin) 

This is a timer input pin, and is shared with port P3 3 . 
When this pin is selected to CNTR 0 or CNTR! interrupt 
input pin and a "H" to "L" or a "L" to "H" transition input 
is applied to this pin, the CNTR 0 or CNTR t interrupt re- 
quest bit (bit 2 of address 00FD 16 ) is set to "1". 
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Port PO 



VI 




Pull-up 
control register 






' L 



Data bus 



-9- 



Directional register 



Port latch 



3> 



Interrupt control circuit 



T r 1 



Port PO 



Port P1 



Data bus 



Data bus 



Pull-up 
control register 



Directional register 



Port latch 



Dajta bus 



Ti- 



T34M 7 



Directional register 



Port latch 



T12M 3 



Data bus 



To 




Directional'registe. 




Directional register 





T r 2 



1 



■o 

Port P1 3 



3> 



T r 3 



■o 

. Portpla 



-o 

Port P1 i 



-e- 




1 



T r 5 



-o 

Port P1 0 



T r 1~T r 5 are pull-up transistors 



Fig. 16 Block diagram of ports P0~P1 
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SM 7 



4 



Directional register 



Port latch 



SM 4 - 



Data bus - 



Directional register 



Port latch 



SM 2 1 — \ 

SM 3 - , ^-i — ' 



CLK output- 



Directional register 



Port latch 



SM 3 

~'=I> 



1 1 — Directional register 



-| Port latch |- 




Data bus - 



Pull-up control register 



K T r 6 



Hi 



o 



Port P1 7 



-e- 



CLK input- 



-O 



Port P1 6 



"9" 



SM 7 




T r 8 



Port P1 5 



pO-|i 



-o 

Port P1 4 



T r 6~T r 9 are pull-up transistors 



Fig. 17 Block diagram of port P1 
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Data bus - 



Pull-up control register" 



* : Control in units of 4-bit 



" 1 Directional register [ - 



Data bus - 



Port latch 



1 



H>4> 



A-D conversion circuit - 



Multi- 
plexer 



■o 



Port P3 



o — HH-t>- 

Port P3 I *J ^ 

4 



INT 0 , INT! 
"CNTRo, CNTRi 



Port P4 

Data bus - 



Pull-up control register* 



* .* Control in units of 2-bit 



Directional register 



T,11 



"9- 



L^>o_E> 



-O 

Port P4 



T r 10~T r 11 are pull-up transistors. 



Fig. 18 Block diagram of ports P2~P4 



A MITSUBISHI 
ELECTRIC 
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CLOCK GENERATING CIRCUIT 

The built-in clock generating circuits are shown in Figure 
21. 

When an STP instruction is executed, the internal clock <f> 
stops oscillating at "H" level. At the same time, FF 16 is set 
in the timer 3, 07 16 is set in the timer 4. 
The oscillator is restarted when an interrupt is accepted. 
However, the clock <f> keeps its "H" level until timer 4 over- 
flows. 

This is because the oscillator needs a set-up period if a 
ceramic or a quartz crystal oscillator is used. 
When the WIT instruction is executed, the clock 0 stops in 
the "H" level but the oscillator continues running. This wait 
state is cleared when an interrupt is accepted. Since the 
oscillation does not stop, the next instructions are executed 
at once. 

To return from the stop or the wait status, the interrupt en- 
able bit must be set to "1" before executing STP or WIT in- 
struction. Especially, to return from the stop status, the tim- 
er 3, timer 4 count stop bit must be set to "0" before ex- 
ecuting STP instruction. 

The circuit example using a ceramic oscillator (or a quartz 
crystal oscillator) is shown in Figure 19. 
The constant capacitance will differ depending on which 
oscillator is used, and should be set to the manufactures 
suggested value. 

The example of external clock usage is shown in Figure 20 
X )N is the input, and Xqut is open. 




Fig. 19 Example of ceramic resonator circuit 



M37470M2-XXXSP 


X 


n Xqut 


1 


V Open 



External oscillating circuit 



ruuir 



Fig. 20 External clock input circuit 




1/2 H> 

CM 7 



V 1 CM 7 



1/8 



_STP 
instruction 



WIT 
instruction 



— R 



S Q 



Reset 




T34M 0 



T34M! 
T34M 2 



Timer 3 




Internal clock 4> 



Q S 



- STP instruction 



Interrupt disable flag I 
Interrupt request 



4-- 



Select gate : At reset, shaded 

side is connected. 



Fig. 21 Block diagram of clock generating circuit 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer is 1/(n+1). 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program), those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) After the ADC and SBC instructions are executed (in 
decimal mode), one instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(4) A NOP instruction must be used after the execution of 
a PLP instruction. 

(5) During A-D conversion, don't use STP instruction. 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1) mask ROM confirmation form 

(2) mask specification form 

(3) ROM data EPROM 3 sets 



4-27 



MITSUBISHI MICROCOMPUTERS 

M37470M2-XXXSP,M37470M4-XXXSP 

M37470M8-XXXSP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V ss 
Output transistors are 
at "OFF" state 


-0.3— 7 


V 


V, 


Input voltage X| N 


-0. 3— V C c+0. 3 


V 


V, 


Input voltage P0 0 ~P0 7l P1 0 ~P17. P2 0 ~P2 3 , 

P3 0 ~P3 3l P4o~P4,, V REF , RESET 


-0. 3— Vcc+0. 3 


V 


V 0 


Output voltage P0 0 ~P0 7l P1 0 ~P17, P2 0 ~P2 3 , P4 0 ~P4 1 , 

XoUT 


-0. 3-Vcc+0. 3 


V 


Pd 


Power dissipation 


T a = 25°C 


1000 


mW 


Topr 


Operating temperature 




-20—85 


°C 


Tstg 


Storage temperature 




-40—150 


°C 



RECOMMENDED OPERATING CONDITIONS 

(Voc=2. 7~5. 5V, Vss=0V, T a =-20~85"C unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Min 


Typ 


Max 


Vcc 


Supply voltage 


2.7 


5 


5.5 


V 


V ss 


Supply voltage 




0 




V 


V, H 


"H" Input voltage P0 0 ~P0 7 , P1o~P17, P3o~P3 3 , 
RESET, X )N 


0. 8V CC 




Vcc 


V 


V,H 


"H" Input voltage P2 0 ~P2 3 , P4 0 ~P4 1 


0. 7V CC 




Vcc 


V 


V, L 


"L" Input voltage P0 0 ~P0 7 , P1 0 ~P17, P3 0 ~P3 3 


0 




0. 2V CC 


V 


v, L 


"L" Input voltage P2 0 ~P2 3l P4 0 ~P4 1 


0 




0. 25V CC 


V 


v IL 


"L" Input voltage RESET 


0 




0.1 2 Vcc 


V 


V, L 


"L" Input voltage Xin 


0 




0.1 6 V cc 


V 


•oH(sum) 


"H" sum output current P0 o ~P0 7> P4 0 ~P4 1 






-30 


mA 


'oH(sum) 


"H" sum output current P1 0 ~P1 7 . P2 0 ~P2 3 






-30 


mA 


•oL(sum) 


"L" sum output current P0 0 ~P0 7 , P4o~P4! 






60 


mA 


'oL(sum) 


"L" sum output current P1 0 ~P17, P2 0 ~P2 3 






60 


mA 


'oL(peak) 


"L" peak output current P0 0 ~P0 7 , P1 0 ~P17, 
P2 0 ~P2 3 , P40-P4T 






20 


mA 


'oL(avg) 


"L" average output current POo~P0 7 , P1o~P17, 

P2 0 ~P2 3 , P4 0 ~P4i (Note 2) 






10 


mA 


'oH(peak) 


"H" peak output current P0 0 ~P0 7 , P1 0 ~P17, 
P2 0 ~P2 3 , P40-P4! 






-10 


mA 


'oH(avg) 


"H" average output current P0 0 ~P0 7 , P1 0 ~P17, 

P2 0 ~P2 3 , P40-P4T (Note 2) 






-5 


mA 


f(CNTR) 


Timer input frequency CNTR 0 (P3 2 ), CNTRi (P3 3 ) (Note 1 ) 






1 


MHz 


f(CLK) 


Serial I/O clock input frequency CLK (P1 6 ) (Note 1) 






1 


MHz 


f(x IN ) 


Clock oscillating frequency (Note 1) 






4 


MHz 



Note 1 I Oscillation frequency is at 50% duty cycle. 

2 '. The average output current Iqh (avg) and 'oi_ (avg) a r © the average value during a 100ms. 
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ELECTRICAL CHARACTERISTICS (V CC =2.7~5.5V, V ss =0V, T a =-20~85°C, unless otherwise noted) 



Symbol 


Parameter 


Test Conditions 


Limits 


Unit 


Mm 


Typ. 


Max. 


Vqh 


"H" output voltage P0 0 ~P0 7 , P1 0 ~P1 7 , 
P2 0 ~P2 3> P4 0 , P4t 


Vcc=5V, l 0H =-5mA 


3 






V 


V CC =3V, l OH = -1.5mA 


2 






Vol 


"L" output voltage P0 0 ~P0 7 , P1o~Pl7, 
P2 0 ~P2 3 , P4 0> P4i 


V C c=5V, l O L=10mA 






2 


V 


V C c=3V, l 0L =3mA 






1 


v T +-v T - 


Hysteresis P0 0 ~P0 7 , P3o~P3 3 


V CC =5V 




0.5 




V 


V CC =3V 




0.3 




V T+ -V T - 




V CC =5V 




0.5 




V 


Hysteresis RESET 


V CC =3V 




0.3 




V T +-V T - 


Hysteresis P1 6 /CLK 


use as CLK input 


V CC =5V 




0.5 




V 


V CC =3V 




0.3 




IlL 


"L" input current P0 0 ~P0 7 , P1 0 ~P1 7 , P3 0 ~P3 2 , 
P4 0 , P4, 


v,=ov, 

not use pull-up transistor 


V CC =5V 






-5 


/uA 


V CC =3V 






-3 


V,=0V, 

use pull-up transistor 


V C c=5V 


-0. 25 


-0.5 


-1.0 


mA 


V CC =3V 


-0. 08 


-0. 18 


-0. 35 


I.L 


"L" input current P3 3 


V|=0V 


V CC =5V 






—5 


fi/K 


V CC =3V 






—3 


IlL 


"L" input current P2o~P2 3 


Vi=0V, not use as analog input, 
not use pull-up transistor 


V CC =5V 






-5 


//A 


V CC =3V 






-3 


V|=0V, not use as analog input, 
use pull-up transistor 


V CC =5V 


—0. 25 


—0. 5 


—1.0 


mA 


V CC =3V 


-0. 08 


-0.18 


-0. 35 


IlL 




V,=0V 

(Xin is at stop mode) 


V CC =5V 






-5 


mA 


"L" input current RESET, X| N 


V CC =3V 






—3 


l(H 


"H" input current P0 0 ~P0 7) P1 0 ~P1 7 , P3 0 ~P3 2) 
P4 0 , P4, 


V,=Vcc, 

not use pull-up transistor 


V CC =5V 






5 


//A 


V CC =3V 






3 


I.H 


"H" input current P3 3 


V,=V CC 


V CC =5V 






5 


MA 


V CC =3V 






3 


I.H 


"H" input current P2 0 ~P2 3 


Vi=V C c. not use as analog input, 
not use pull-up transistor 


V CC =5V 






5 


ma 


V CC =3V 






3 


llH 




"H" input current RESET, Xin 


V,=V CC , 

(X| N is at stop mode) 


V CC =5V 






5 


//A 


V CC =3V 






3 


'cc 


Supply current 


At normal operation, 

A-D conversion is not executed 

X| N =4MHz 


V CC =5V 




3.5 


7 


mA 


V CC =3V 




1.8 


3.6 


At normal operation, 

A-D conversion is executed 

X| N =4MHz 


V CC =5V 




4 


8 


V CC =3V 




2 


4 


At wait mode, 
X| N =4MHz 


V CC =5V 




1 


2 


V CC =3V 




0.5 


1 


Stop all oscillation 
V CC =5V 


T a =25°C 




0.1 


1 


MA 


T a =85°C 




1 


10 


Vram 


RAM retention voltage 


Stop all oscillation 


2 






V 



A-D CONVERTER CHARACTERISTICS (V cc =2. 7-5. 5V, V ss =0V, T a =-20~85°C, f(X IN )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test Conditions 


Limits 


Unit 


Min. 


Typ 


Max. 




Resolution 








8 


bits 




Non-linearity error 








±2 


LSB 




Differential non-linearity error 








±0.9 


LSB 


Vox 


Zero transition error 


Vcc=Vref=5. 12V, l O L(sum)=0mA 






2 


LSB 


Vcc=Vref=3. 072V, loL(sum)=0mA 






3 


V FST 


Full-scale transition error 


V C c=Vref=5.12V 






4 


LSB 


Vcc=V ref =3.072V 






7 


tcONV 


Conversion time 








25 


/US 


VvREF 


Reference input voltage 




0. 5V CC 




V cc 


V 


^LADDER 


Ladder resistance value 




2 


5 


10 


kn 


V 1A 


Analog input voltage 




0 




V REF 


V 
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DISCRIPTION 

The M37471 M2-XXXSP/FP is a single-chip microcomputer 
designed with CMOS silicon gate technology. It is housed 
in a 42-pin shrink plastic molded DIP or a 56-pin plastic 
molded QFP. This single-chip microcomputer is useful for 
business equipment and other consumer applications. 
In addition to its simple instruction set, the ROM, RAM, and 
I/O addresses are placed on the same memory map to en- 
able easy programming. 

The differences among M37471 M2-XXXSP/FP, M37471M4- 
XXXSP/FP and M37471 M8-XXXSP/FP are noted below. 
The following explanations apply to the M37471M2- 
XXXSP/FP. Specification variations for other chips are 
noted accordingly. 



Type name 


ROM size 


RAM size 


M37471 M2-XXXSP/FP 


4096 bytes 


128 bytes 


M37471 M4-XXXSP/FP 


8192 bytes 


1 92 bytes 


M37471 M8-XXXSP/FP 


16384 bytes 


384 bytes 



The differences between the M37471 M2-XXXSP and the 
M37471 M2-XXXFP are the package outline and the power 
dissipation ability (absolute maximum ratings). 



FEATURES 



69 



•4096 bytes (M37471M2) 
••128 bytes (M37471M2) 



Number of basic instructions 
Memory size 

ROM 

RAM 

Instruction execution time 

1^s (minimum instructions at 4MHz frequency) 

Single power supply 2.7~5.5V 

Power dissipation normal operation mode 

17.5mW (at 4MHz frequency) 

Subroutine nesting 64 levels max. (M37471M2) 

Interrupt 12types, 10vectors 

8-bit timer 4 

Programmable I/O ports 

(Ports P0, P1, P2, P4) 28 

Input ports (Ports P3, P5) 8 

Serial I/O (8-bit) 1 

A-D converter 8-bit, 8channel 



APPLICATION 

Audio-visual equipment, VCR, Tuner 
Office automation equipment 



PIN CONFIGURATION (TOP VIEW) 
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Reset input 



Clock Clock 
input output 

X|N XoUT 
— © @— 



RESET 



V cc V ss 
H§) ©- 



Clock generating! 
circuit I 



TT 

XciN X C OUT 



Data bus 



TV 



12. 



(Note 2) 



RAM 

128 
bytes 



Program 
counter 
PC H (8) 



12. 



TV 
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ROM 
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M37471M2-XXXFP BLOCK DIAGRAM 



Clock Clock 
input output 

X|N XouT 




Input port P5 



I/O port P4 



I/O port P2 



I/O port P1 



I/O port PO 



voltage input 



Note 1 : 8192 bytes for M37471 M4-XXXFP and 16384 bytes for M37471 M8-XXXFP 
2 : 192 bytes for M37471 M4-XXXFP and 384 bytes for M37471M8-XXXFP 



MITSUBISHI MICROCOMPUTERS 

M3747 1 M2-XXXS P/ FP , M3747 1 M4-XXXSP/ FP 

M37471M8-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



FUNCTIONS OF M37471 M2-XXXSP/FP, M37471 M4-XXXSP/FP, M37471 M8-XXXSP/FP 



Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


1;us (minimum instructions, at 4MHz frequency) 


Clock frequency 


4MHz (max ) 


Memory size 


M37471 M2-XXXSP/FP 


ROM 


4096 bytes 


RAM 


1 28 bytes 


M37471 M4-XXXSP/FP 


ROM 


81 92 bytes 


RAM 


192 bytes 


M37471 M8-XXXSP/FP 


ROM 


16384 bytes 


RAM 


384 bytes 


Input/Output port 


PO, P1, P2 


I/O 


8-bitX3 


P3, P5 


Input 


4-bitX2 


P4 


I/O 


4-bitX1 


Serial I/O 


8-bitXl 


Timers 


8-bit timerX4 


A-D converter 


8-bitX1 (8 channels) 


Subroutine nesting 


M37471 M2-XXXSP/FP 


64 ( max ) 


M37471 M4-XXXSP/FP 


96 ( max ) 


M37471 M8-XXXSP/FP 


192 (max ) 


Interrupt 


5 external interrupts, 6 internal interrupts, 1 software interrupt 


Clock generating circuit 


Two built-in circuit with internal feedback resistor (ceramic or quartz crystal oscillator ) 


Supply voltage 


2. 7-5. 5V 


Power dissipation 


17.5mW (at 4MHz frequency) 


Input/Output characters 


Input/Output voltage 


5V 


Output current 


-5~10mA (PO, P1, P2, P4 : CMOS tri-states) 


Operating temperature range 


-20~85°C 


Device structure 


CMOS silicon gate 


Package 


M37471 M2/M4/M8-XXXSP 


42-pin shrink plastic molded DIP 


M37471 M2/M4/M8-XXXFP 


56-pin plastic molded QFP 
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PIN DESCRIPTION 



Pin 


Name 


Input/ 
Output 


Functions 


Vcc, 
Vss 


Supply voltage 




Power supply inputs 2. 7~5. 5V to V CCl and OV to V S s 


AV SS 


Analog power supply 




Ground level input pin for A-D converter 

Same voltage as Vss is applied. This pin is for 56-pin type only. 


RESET 


Reset input 


Input 


To enter the reset state, the reset input pin must be kept at a "L" for more than 2jus (under normal Vcc 
conditions). 




Clock input 


Input 


These are I/O pins of internal clock generating circuit for main clock. To control generating frequency, an 
external ceramic or a quartz crystal oscillator is connected between the Xin and X 0 ut pins. If an external 
clock is used, the clock source should be connected the X| N pin and the Xout pin should be left open 
Feedback resistor is connected between X, N and X 0 ut 


*OUT 


Clock output 


Output 


V REF 


Reference voltage 
input 


Input 


This is reference voltage input pin for the A-D converters 


P0 0 ~P0 7 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port The output structure is CMOS output 

When this port is selected for input, pull-up transistor can be connected in units of 1 -bit and a key on wake 
up function is provided 


P1 0 ~P17 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port The output structure is CMOS output 

When this port is selected for input, pull-up transistor can be connected in units of 4-bit PI2, PI3 are in 
common with timer output pins To, T1 PI4, P1s, P16, PI7 are in common with serial I/O pins S| N , Sout. CLK, 
Srdy, respectively The output structure of Sout and Srdy can be changed to N-channel open drain output 


P2 0 ~P2 7 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port The output structure is CMOS output 

When this port is selected for input, pull-up transistor can be connected in units of 4-bit 

This port is in common with analog input pins IN 0 ~IN 7 


P3 0 ~P3 3 


Input port P3 


input 


Port P3 is an 4-bit input port P3o, P3t are in common with external interrupt input pins INT 0 , IN^ and P3 2 , 
P3 3 are in common with timer input pins CNTR 0 , CNTRi 


P4 0 ~P4 3 


I/O port P4 


I/O 


Port P4 is an 4-bit I/O port The output structure is CMOS output When this port is selected for input, 
pull-up transistor can be connected in units of 4-bit. 


P5 0 ~P5 3 


Input port P5 


Input 


Port P5 is an 4-bit input port and pull-up transistor can be connected in units of 4-bit P5o, P5! are in com- 
mon with input/output pins of clock for clock function X C in, X C out- When P5 0 , P5i are used as X C in. Xcout, 
connect a ceramic or a quartz crystal oscillator between X C in and X C out 

If an external clock input is used, connect the clock input to the Xcin pm and open the X C out pin Feedback 
resistor is connected between Xcin and Xcout pms 
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FUNCTIONAL DESCRIPTION 
Central Processing Unit (CPU) 

The M37471 microcomputers use the standard MELPS 740 
instruction set. For details of instruction operations, refer to 
the MELPS 740 CPU core basic functions, or the MELPS 
740 Programming Manual. 
Machine-resident instructions are as follows: 
The FST and SLW instructions are not provided. 
The MUL and DIV instructions are not provided. 
The WIT instruction can be used. 
The STP instruction can be used. 



7 0 



CPU Mode Register 

The CPU mode register is allocated to address 00FB 16 . 
This register has a stack page selection bit. 



CPU mode register 

(Address 00FB 16 ) 

This bit must always be set to "0." 

Stack page selection bit 

0 : In page 0 area 

1 : In page 1 area 

P5 0 , P5i/X C in. Xcout selection bit 

0 : P5 0 , P5i 

1 • Xcin. Xcout 

Xcout drive capacity selection bit 

0 : Low 

1 : High 

Clock (X| N -Xout) stop bit 

0 : Oscillates 

1 : Stops 

Internal system clock selection bit 

0 : X| N -Xout selected (normal mode) 

1 • Xcin-Xcout selected (low-speed mode) 



Fig. 1 Structure of CPU mode register 



A 
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MEMORY 

• Special Function Register (SFR) Area 

The special function register (SFR) area contains the reg- 
isters relating to functions such as I/O ports and timers. 

• RAM 

RAM is used for data storage as well as a stack area. 

• ROM 

ROM is used for storing user programs as well as the inter- 
rupt vector area. 



• Interrupt Vector Area 

The interrupt vector area is for storing jump destination 
addresses used at reset or when an interrupt is generated. 

• Zero Page 

Zero page addressing mode is useful because it enables 
access to this area with fewer instruction cycles. 

• Special Page 

Special page addressing mode is useful because it en- 
ables access to this area with fewer instruction cycles. 



RAM (192 bytes) 
for 

M37471M4 
M37471M8 



RAM (128 bytes) 
for < 
M37471M2 



0000 16 



007F 1€ 



00BF 16 



00FF 16 

RAM092 bytes) 010 ° 16 



for 

M37471M8 



01BF 1( 



> Zero page 



Not used 



ROM 
(16K bytes) 
for 

M37471M8 



ROM 
(8K bytes) 
for 

M37471M4 



ROM 

(4K bytes) 
for 

M37471M2 



C000 16 

E000 16 
F000 16 

FF00 16 
FFEA 16 



Interrupt vector area 



> Special page for 
' subroutine call 



Fig. 2 Memory map 
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00C0 16 


Port PO 


00E0 16 






00C1 16 


Port PO directional register 


00E1 16 






00C2 16 


Port P1 


00E2 16 






00C3 16 


Port P1 directional register 


O0E3 16 






00C4 16 


Port P2 


O0E4 16 






00C5 16 


Port P2 directional register 


00E5 16 






00C6 16 


Port P3 


O0E6 16 






00C7 16 




00E7 16 






00C8 16 


Port P4 


00E8 16 






00C9 16 


Port P4 directional register 


00E9 16 






00CA 16 


Port P5 


O0EA 16 






00CB 16 




00EB 16 






O0CC 16 




00EC 16 






00CD 16 




00ED 16 






00CE 16 




00EE 16 






00CF 16 




00EF 16 






00D0 16 


PO pull-up control register 


00F0 16 


Timer 1 




00D1 16 


P1~P5 pull-up control register 


00F1 16 


Timer 2 




00D2 16 




00F2 16 


Timer 3 




00D3 16 




00F3 16 


Timer 4 




00D4 16 


Edge polarity selection register 


00F4 16 






00D5 16 




00F5 16 






00D6 16 


Input latch register 


00F6 16 






00D7 16 




00F7 16 


Timer FF register 




00D8 16 




00F8 16 


Timer 12 mode register 




00D9 16 


A-D control register 


00F9 16 


Timer 34 mode register 




00DA 16 


A-D conversion register 


00FA 16 


Timer mode register 2 




00DB 16 




00FB 16 


CPU mode register 




OODCie 


Serial I/O mode register 


00FC 16 


Interrupt request register 1 




00DD 16 


Serial I/O register 


00FD 16 


Interrupt request register 2 




O0DE 16 


Serial I/O counter | Byte counter 


00FE 16 


Interrupt control register 1 




00DF 16 




00FF 16 


Interrupt control register 2 













Fig. 3 SFR (Special Function Register) memory map 
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INTERRUPTS 

Interrupts can be caused by 12 different events consisting 
of five external, six internal, and one software events. 
Interrupts are vectored interrupts with priorities shown in 
Table 1. Reset is also included in the table because its op- 
eration is similar to an interrupt. 

When an interrupt is accepted, the registers are pushed, 
interrupt disable flag I is set, and the program jumps to the 
address specified in the vector table. The interrupt request 
flag is cleared automatically. The reset and BRK instruction 
interrupt can never be inhibited. Other interrupts are dis- 
abled when the interrupt inhibit flag is set. 
All interrupts except the BRK instruction interrupt have an 
interrupt request bit and an interrupt enable bit. The inter- 
rupt request bits are in interrupt request registers 1 and 2 
and the interrupt enable bits are in interrupt control regis- 
ters 1 and 2. External interrupts INT 0 and INTi can be 
asserted on either the falling or rising edge as set in the 
edge polarity selection register. When "0" is set to this reg- 
ister, the interrupt is activated on the falling edge; when "1" 
is set to the register, the interrupt is activated on the rising 
edge. 



When the device is put into power-down state by the STP 
instruction or the WIT instruction, if bit 5 in the edge polar- 
ity selection register is "1", the IN^ interrupt becomes a 
key on wake up interrupt. When a key on wake up interrupt 
is valide, an interrupt request is generated by applying the 
"L" level to any pin in port P0. In this case, the port used for 
interrupt must have been set for the input mode. 
If bit 5 in the edge polarity selection register is "0" when 
the device is in power-down state, the IN^ interrupt is 
selected. Also, if bit 5 in the edge polarity selection regis- 
ter is set to "1" when the device is not in a power-down 
state, neither key on wake up interrupt request nor IN^ in- 
terrupt request are generated. 

The CNTRo/CNTRi interrupts function in the same as INT 0 
and INT^ The interrupt input pin can be specified for either 
CNTR 0 or CNTRi pin by setting bit 4 in the edge polarity 
selection register. 

Figure 4 shows the structure of the edge polarity selection 
register, interrupt request registers 1 and 2, and interrupt 
control registers 1 and 2. 

Interrupts other than the BRK instruction interrupt and reset 
are accepted when the interrupt enable bit is "1", interrupt 
request bit is "1", and the interrupt disable flag is "0". The 
interrupt request bit can be reset with a program, but not 
set. The interrupt enable bit can be set and reset with a 
program. 

Reset is treated as a non-maskable interrupt with the high- 
est priority. Figure 5 shows interrupts control. 



Table 1. Interrupt vector address and priority. 



Event 


Priority 


Vector addresses 


Remarks 


RESET 


1 


FFFF 16 , FFFE 16 


Non-maskable 


IN T 0 interrupt 


2 


FFFD-I6, FFFC 16 


External interrupt (phase programmable) 


I NTi interrupt or key on wake up interrupt 


3 


FFFB 16 , FFFA 16 


External interrupt (INT| is phase programmable) 


CNTR 0 interrupt or CNTRi interrupt 


4 


FFF9 16 , FFF8 16 


External interrupt (phase programmable) 


Timer 1 interrupt 


5 


FFF7 16 , FFF6 16 




Timer 2 interrupt 


6 


FFF5 16 , FFF4 16 




Timer 3 interrupt 


7 


FFF3 16 , FFF2 n6 




Timer 4 interrupt 


8 


FFF1 16 , FFF0 16 




Serial I/O interrupt 


9 


FFEF 16 , FFEE 16 




A-D conversion completion interrupt 


10 


FFED 16 , FFEC 16 




BRK instruction interrupt 


11 


FFEB 16 , FFEA 16 


Non-maskable software interrupt 
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m 



J Edge polarity selection register (EG) 
(Address 00D4 16 ) 

— INT 0 edge selection bit 

— INT*! edge selection bit 

— CNTR 0 edge selection bit 

— CNTRi edge selection bit 

0 '. Falling edge 

1 .' Rising edge 

— CNTRq/CNTR! interrupt selection bit 

0 : CNTRq 

1 : CNTR t 

— \NTi source selection bit (at power-down state) 

0 : PSi/INT! 

1 : P0 0 ~P0 7 "L" level (for key on wake up) 

7 

] Interrupt request register 1 I I I l I I 
(Address 00FC 16 ) 

— Timer 1 interrupt request bit 

— Timer 2 interrupt request bit 

— Timer 3 interrupt request bit 

— Timer 4 interrupt request bit 0 

— Serial I/O interrupt request bit ^ 

— A-D conversion completion 

interrupt request bit 



Interrupt request register 2 
(Address 00FD 16 ) 

- INT 0 interrupt request bit 

- INTt interrupt request bit 

- CNTR 0 or CNTRi interrupt request bit 



No interrupt request 
Interrupt requested 



n 



0 7 
| | | ( Interrupt control register 1 I I I I I I 
(Address 0OFE 16 ) 



1 — Timer 1 interrupt enable bit 
Timer 2 interrupt enable bit 
Timer 3 interrupt enable bit 
Timer 4 interrupt enable bit 
Serial I/O interrupt enable bit 



-A-D conversion completion 

interrupt enable bit 



J Interrupt control register 2 
(Address 00FF 16 ) 

— INT 0 interrupt enable bit 

— INTi interrupt enable bit 

— CNTR 0 or CNTR t interrupt enable bit 



Interrupt disable 
Interrupt enabled 



Fig. 4 Structure of registers related to interrupt 



Interrupt request bit 
Interrupt enable bit 




Interrupt disable flag I 



BRK instruction - 
reset - 



Interrupt request 



Fig. 5 Interrupt control 
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TIMER 

The M37471 M2-XXXSP/FP has four timers; timer 1, timer 2, 
timer 3 and timer 4. 

A block diagram of timer 1 through 4 is shown in Figure 6. 
Timer 1 can be operated in the timer mode, event count 
mode, or pulse output mode. Timer 1 starts counting when 
bit 0 in the timer 12 mode register (address 00F8 16 ) is set 
to "0". 

The count source can be selected from the f(X| N ) divided 
by 16, f(X C iN) divided by 16, f(X C iN), or event input from 
P3 2 /CNTR 0 pin. When bit 1 and bit 2 in the timer 12 mode 
register are "0", f(X !N ) divided by 16 or f(X C iN) divided by 
16 is selected. Selection between f (X iN ) and f(X C | N ) is 
done by bit 7 in the CPU mode register (address 00FB 16 ). 
When bit 1 in the timer 12 mode register is "0" and bit 2 is 
"1", f(X C iN) is selected. And, when bit 1 in the timer 12 
mode register is "1", an event input from the CNTR 0 pin is 
selected. Event inputs are selected depending on bit 2 in 
the edge polarity selection register (address 00D4 16 ) . 
When this bit is "0", the inverted value of CNTR 0 input is 
selected; when the bit is "1", CNTR 0 input is selected. 
When bit 3 in the timer 12 mode register is r set to "1", the 
P1 2 pin becomes timer output T 0 . When the direction regis- 
ter of P1 2 is set for the output mode at this time, the timer 1 
overflow divided by 2 is output from T 0 . The initial output 
value can be set by writing the value to bit 0 in the timer FF 
register (address 00F7 16 ) after setting "1" to bit 0 in timer 
mode register 2. 

Timer 2 can only be operated in the timer mode. Timer 2 
starts counting when bit 4 in the timer 12 mode register is 
set to "0". 

The count source can be selected from the divide by 16, 
divide by 64, divide by 128, or divide by 256 frequency of 
f(X, N ) or f (X C in) » and timer 1 overflow. When bit 5 in the 
timer 12 mode register is "0", any of the divide by 16, di- 
vide by 64, divide by 128, or divide by 256 frequency of 
f (X, N ) or (X C in) is selected. The divide ratio is selected 
according to bit 6 and bit 7 in the timer 12 mode register, 
and selection between f(X| N ) and f(X C iN) is made accord- 
ing to bit 7 in the CPU made register. When bit 5 in the 
timer 12 mode register is "1", timer 1 overflow is selected 
as the count source. 

Timer 3 can be operated in the timer mode, event count 
mode, or PWM mode. Timer 3 starts counting when bit 0 in 
the timer 34 mode register (address 00F9 16 ) is set to "0". 
The count source can be selected from the f (X tN ) divided 
by 16, f (X C in) divided by 16, f(X C i N ). timer 1 or timer 2 
overflow, or an event input from P33/CNTR! pins according 
to the statuses of bit 1 and bit 2 in the timer 34 mode regis- 
ter, bit 6 in the timer mode register 2 (address 00FA 16 ) and 
bit 7 in the CPU mode register. Note, however, that if timer 
1 overflow or timer 2 overflow is selected for the count 
source of timer 3 when timer 1 overflow is selected for the 
count source of timer 2, timer 1 overflow is always selected. 



regardless of the status of bit 6 in the timer mode register 
2. Event inputs are selected depending on bit 3 in the 
edge polarity selection register. When this bit is "0", the in- 
verted value of CNTR! input is selected; when the bit is 
"1", CNTRt input is selected. 

Timer 4 can be operated in the timer mode, event count 
mode, pulse output mode, pulse width measuring mode, or 
PWM mode. Timer 4 starts counting when bit 3 in the timer 
34 mode register is set to "0" when bit 6 in this register is 
"0". When bit 6 is "1", the pulse width measuring mode is 
selected. The count source can be selected from timer 3 
overflow, f (X, N ) divided by 16, f (X C | N ) divided by 16, 
f(X C iN). timer 1 or timer 2 overflow, or an event input from 
P33/CNTR! pins according to the statuses of bit 4 and bit 5 
in the timer 34 mode register, bit 6 in the timer mode regis- 
ter 2, and bit 7 in the CPU mode register. Note, however, 
that if timer 1 overflow or timer 2 overflow is selected for 
the count source of timer 4 when timer 1 overflow is 
selected for the count source of timer 2, timer 1 overflow is 
always selected regardless of the status of bit 6 in the tim- 
er mode register 2. Event inputs are selected depending 
on bit 3 in the edge polarity selection register. When this 
bit is "0", the inverted value of CNTRi input is selected; 
when the bit is "1", CNTRi input is selected. 
When bit 7 in the timer 34 mode register is set to "1", the 
P1 3 pin becomes timer output T-|. When the direction regis- 
ter of P1 3 is set for the output mode at this time, the timer 4 
overflow divided by 2 is output from J 1 when bit 7 in the 
timer mode register 2 is "0". The initial output value can be 
set by writing the value to bit 1 in the timer FF register after 
setting "1" to bit 1 in timer mode register 2. 

(1 ) Timer mode 

Timer perform down count operations with the dividing ratio 
being 1/(n + 1). Writing a value to the timer latch sets a 
value to the timer. When the value to be set to the timer 
latch is nn 16 , the value to be set to a timer is nn 16 , which is 
down counted at the falling edge of the count source from 
nn 16 to (nn 16 -1) to (nn 16 -2) to...01i 6 to 00 16 to FF 16 . At the 
falling edge of the count source immediately after timer 
value has reached FF 16 , value (nn 16 -1) obtained by sub- 
tracting one from the timer latch value is set (reloaded) to 
the timer to continue counting. At the rising edge of the 
count source immediately after the timer value has reached 
FF 16> an overflow occurs, an interrupt request. 

(2) Event count mode 

Timer operates in the same way as in the timer mode ex- 
cept that it counts input from the CNTR 0 or CNTRi pin. 

(3) Pulse output mode 

In this mode, duty 50% pulses are output from the T 0 or 
pin: When the timer overflows, the polarity of the T 0 or 
pin output level is inverted. 

(4) Pulse width measuring mode 

The M37471 can measure the "H" or "L" width of the 
CNTR 0 or CNTR 1 input waveform by using the pulse width 
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measuring mode of timer 4. The pulse width measuring 
mode is selected by writing "1" to bit 6 in the timer 34 
mode register. In the pulse width measuring mode, the tim- 
er counts the count source while the CNTR 0 or CNTR 1 input 
is "H" or "L". Whether the CNTR 0 input or CUTR, input be 
measured can be specified by the status of bit 4 in the 
edge polarity selection register; whether the "H" width or 
"L" width be measured can be specified by the status of bit 
2 (CNTR 0 ) and bit 3 (CNTR-,) in the edge polarity selec- 
tion register. 
(5) PWM mode 

The PWM mode can be entered for timer 3 and timer 4 by 
setting bit 7 in the timer mode register 2 to "1". In the PWM 
mode, the P1 3 pin is set for timer output to output PWM 
waveforms by setting bit 7 in the timer 34 mode register to 
"1". The directional register of P1 3 must be set for the out- 
put mode before this can be done. 

In the PWM mode, timer 3 is counting and timer 4 is idle 
while the PWM waveform is "L". When timer 3 overflows, 
the PWM waveform goes "H". At this time, timer 3 stops 
counting simultaneously and timer 4 starts counting. When 
timer 4 overflows, the PWM waveform goes "L", and timer 4 
stops and timer 3 starts counting again. Consequently, the 
"L" duration of the PWM waveform is determined by the 
value of timer 3; the "H" duration of the PWM waveform is 
determined by the value of timer 4. 

When a value is written to the timer in operation during the 
PWM mode, the value is only written to the timer latch, and 
not written to the timer. In this case, if the timer overflows, a 
value one less the value in the timer latch is written to the 
timer. When any value is written to an idle timer, the value 
is written to both the timer latch and the timer. 
In this mode, do not select timer 3 overflow as the count 
source for timer 4. 



INPUT LATCH FUNCTION 

The M37471 can latch the P3 0 /INT 0 , PVINT^ P3 2 /CNTR 0 , 
and P33/CNTR! pin level into the input latch register 
(address 00D6 16 ) when timer 4 overflows. The polarity of 
each pin latched to the input latch regiser can be selected 
by using the edge polarity selection register. When bit 0 in 
the edge polarity selection register is "0", the inverted 
value of the P3 0 /INT 0 pin level is latched; when the bit is 
"1", the P3 0 /INT 0 pin level is latched as is. When bit 1 in 
the edge polarity selection register is "0", the inverted 
value of the PS^IN^ pin level is latched; when the bit is 
"1", the PSi/INTi pin level is latched as is. When bit 2 in 
the edge polarity selection register is "0", the inverted 
value of the P3 2 /CNTR 0 pin level is latched; when the bit is 
"1", the P3 2 /CNTR 0 pin level is latched as is. When bit 3 in 
the edge polarity selection register is "0", the inverted 
value of the P33/CNTR! pin level is latched; when the bit is 
"1", the P33/CNTR! pin level is latched as is. 
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XciN O" 



P3 2 /CNTR 0 O- 



P1 2 /T 0 O (- 



P3 3 /CNTR 




P1 3 /T, 



4 



P3 ? /CNTR 0 O-i^o-*^)-^ 
P3./INT, Q-40D^f>-^l- 

PVINT 0 C>i{>cv^[>-^o [ 

Select gate '■ At reset, shaded side is connected 



Timer 1 

interrupt request bit 



Timer 2 

interrupt request bit 



Timer 3 

interrupt request bit 



Timer 4 

interrupt request bu 



Fig. 6 Block diagram of timer 1 through 4 
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Timer mode register 2 (TM2) 
(Address 00FA 16 ) 



Timer 1 overflow FF set enable bit 

0 : Set disable 

1 '. Set enable 

- Timer 4 overflow FF set enable bit 

0 : Set disable 

1 : Set enable 

- Timer 3, timer 4 count overflow signal 

selection bit 

0 '. Timer 1 overflow 

1 .' Timer 2 overflow 

■ Timer 3, timer 4 function selection bit 

0 I Normal mode 

1 : PWM mode 



|]| Timer 12 mode register (T12M) 
(Address 00F8 16 ) 



- Timer 1 count stop bit 

0 I Count start 

1 I Count stop 

- Timer 1 count source selection bit 

0 : Internal clock 

1 : P3 2 /CNTR 0 external clock 

- Timer 1 internal clock source 

selection bit 

0 : f(X, N ) divided by 16 or 

f(Xcw) divided by 16 

1 : f(Xci N ) 

P'2/To port output selection bit 

0 : Pl 2 port output 

1 : Timer 1 overflow divided by 2 
■ Timer 2 count stop bit 

0 : Count start 

1 I Count stop 

- Timer 2 count source selection bit 

0 : Internal clock 

1 : Timer 1 overflow 

- Timer 2 internal clock source 

selection bit 

00 : f(X 1N ) divided by 16 or 

f(Xci N ) divided by 16 

01 : f(X, N ) divided by 64 or 

f(X C | N ) divided by 64 

10 : f(X, N ) divided by 128 or 

f(X CIN ) divided by 128 

11 : f(X, N ) divided by 256 or 

f(X C | N ) divided by 256 



n 



J Timer 34 mode register (T34M) 
(Address 00F9 16 ) 



' — Timer 3 count stop bit 

0 : Count start 

1 .' Count stop 

— Timer 3 count source selection bit 

00 : f(X, N ) divided by 16 or 

f(X c . N ) divided by 16 

01 : f(X CIN ) 

10 : Timer 1 overflow or timer 2 overflow 

1 1 : P33/CNTP.! external clock 

— Timer 4 count stop bit 

0 : Count start 

1 Count stop 

— Timer 4 count source selection bit 

00 ' Timer 3 overflow 

01 : f(X, N ) divided by 16 or 

f(X CIN ) divided by 16 

10 I Timer 1 overflow or timer 2 overflow 

1 1 : P33/CNTP.T external clock 

— Timer 4 pulse width measuring mode 

selection bit 

0 : Timer mode 

1 : Pulse width measuring mode 

— P1 3 /T! port output selection bit 

0 : Pl 3 port output 

1 : Timer 4 overflow divided by 2 

or PWM output 



Fig. 7 Structure of timer mode registers 
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SERIAL I/O 

The block diagram of serial I/O is shown in Figure 8. In the 
serial I/O mode, the receive ready signal (S RDY ), synchro- 
nous input/output clock (CLK), and the serial I/O (S 0 ut. 
S| N ) pins are used as P1 7) P1 6) P1 5 , and P1 4) respectively. 
The serial I/O mode register (address 00DC 16 ) is an 8-bit 
register. Bit 2 of this register is used to select a synchro- 
nous clock source. When this bit is "0", an external clock 
from P1 6 is selected. When this bit is "1", an internal clock 
is selected. 

The internal clock can be selected from among the divide 
by 8, divide by 16, divide by 32, divide by 512 frequency of 
the oscillator frequency f(X, N ) or f(X C iN)- Tn e divide ratio is 



selected according to bit 0 and bit 1 in the serial I/O mode 
register, and selection between f(X !N ) and KXcin) is mode 
according to bit 7 in the CPU mode register. 
Bits 3 and 4 decide whether parts of P1 will be used as a 
serial I/O or not. When bit 3 is "1", P1 6 becomes an I/O pin 
of the synchronous clock. When an internal synchronous 
clock is selected, the clock is output from P1 6 . If the exter- 
nal synchronous clock is selected, the clock is input to P1 6 . 
And P1 5 will be a serial output. To use P1 4 as a serial input, 
set the directional register bit which corresponds to P1 4 , to 
"0". For more information on the directional register, refer to 
the I/O pin section. 



Xcin O— 



1/2 



CM 7 



SA RI 



1/2 



1/4 1/64 



SM 5 



Sync circuit 



CLK input 



CLK output 



I 



SM 0 



Serial I/O counter (3) 



;=£> 



^ Serial I/O 

* interrupt request 



Byte counter (4) 




Data bus 



Serial I/O register (8) 



4k 



Select gate '. At reset, shaded side is connected 



Fig. 8 Block diagram of serial I/O 
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Bit 4 determines if P1 7 is used as an output pin for the re- 
ceive ready signal (bit 4 = "1", S RDY ) or used as a normal 
I/O pin (bit 4="0"). 
When the P1 7 pin is used as the 

Srdy output pin, output 
signal can be selected between S RDY signal and SA RDY sig- 
nal by using bit 5 in the serial I/O mode register. The S RDY 
signal is driven "L" by a signal written into the serial I/O 
register to inform that the device is ready to receive. Then, 
the S RDY signal is driven "H" on the first falling edge of the 
transfer clock. 

The SA RDY signal is driven "H" by a signal written into the 
serial I/O register, and driven "L" on the last rising edge of 
the transfer clock. 

The function of serial I/O differs depending on the clock 
source; external clock or internal clock. 



Internal Clock— The serial I/O counter is set to 7 when 
data is stored in the serial I/O register. At each falling 
edge of the transfer clock, serial data is output to P1 5 . Dur- 
ing the rising edge of this clock, data can be input from P1 4 
and the data in the serial I/O register will be shifted 1 bit. 
Data is output starting with the LSB. After the transfer clock 
has counted 8 times, the serial I/O register will be empty 
and the transfer clock will remain at a high level. At this 
time the interrupt request bit will be set. 
External Clock— If an external clock is used, the interrupt 
request bit will be set after the transfer clock has counted 8 
times but the transfer clock will not stop. Due to this 
reason, the external clock must be controlled from the out- 
side. 

Timing diagrams are shown in Figure 9. 



Synchronous clock 

Transfer clock 

Serial I/O register write 
signal • 

Serial I/O output " 
Sout " 
Serial I/O input ' 

S|N ' 

Receive ready signal 
Srdy 



uijij~LJiJ~Ln_rLr 




Interrupt request bit set 



Fig. 9 Serial I/O timing 
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7 0 

Serial I/O mode register (SM) 
| I I I I I I I (Address 00DC 16 ) 

' ' — Internal clock selection bit 

00 : f(X, N ) or f(X C | N ) divided by 8 

01 : f(X IN ) or f(X C | N ) divided by 16 

10 : f(X IN ) or f(X C | N ) divided by 32 

11 ; f(X IN ) orf(X C | N ) divided by 512 

I Synchronous clock selection bit 

0 External clock 

1 : Internal clock 

1 ■ Serial I/O port selection bit 

0 : Normal I/O port 

1 Sout. CLK pins 

' Sr D y signal output selection bit 

0 : Normal I/O port 

1 : S RDY signal output pin 
' Srdy signal selection bit 

0 : Sr D y signal 

1 I SA RD y signal 

' Serial I/O byte specify mode selection bit 

0 '. Normal mode 

1 ! Byte specify mode 

PIs/Sout , PI7/SRDY output structure selection bit 

0 : CMOS output 

1 : N-channel open drain output 



Fig. 10 Structure of serial I/O mode register 
BYTE SPECIFY MODE 

The serial I/O has a byte specify mode that allows one 
specific byte data to be selected for transmission or recep- 
tion when serial I/O circuits of two or more microcomputers 
are connected to send or receive data through one bus. 
The data to be sent or received can be specified by writing 
a value into the byte counter. The value written in the byte 
counter is decremented by one each time eight cycles of 
transfer clock are input. When the value in the byte counter 
becomes "0", serial transmission/reception is done by the 
next eight cycles of transfer clock. When the value in the 
byte counter is not "0", the output on the 

Sout pin is driven 

"H" by the falling edge of the first transfer clock pulse to in- 
hibit transmission/reception. 

Serial I/O interrupt requests are generated only when se- 
rial transmission/reception is done after the value in the 
byte counter is decremented to "0". When the SA RDY signal 
output is selected, the SA RDY signal is driven "L" by the last 
rising edge of the transfer clock after the value in the byte 
counter is decremented to "0". 

Note that in the byte mode, an external clock must be used 
as the sync, clock for the purpose of the mode. 
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A-D CONVERTER 

The A-D conversion uses an 8-bit successive comparison 
method. Figure 11 shows a block diagram of the A-D con- 
version circuit. Conversion is automatically carried out once 
started by the program. 

There are eight analog input pins which are shared with 
P2 0 to P2 7 of port P2. Which analog inputs are to be A-D 
converted is specified by using bit 2 to bit 0 in the A-D 
control register (address 00D9 16 ). Pins for inputs to be A-D 
converted must be set for input by setting the directional 
register bit to "0". Bit 3 in the A-D control register is a A-D 
conversion end bit. This is "0" during A-D conversion; it is 
set to "1" when the conversion is terminated. Therefore, it 
is possible to know whether A-D conversion is terminated 
by checking this bit. Bit 4 in the A-D control register is a 
V REF connection selection bit. 

During A-D conversion, this bit must be set "1" for the lad- 
der resistor and 

Vref pin to be connected; after the A-D 
conversion is terminated, this bit can be reset to "0" to 
separate the ladder resistor from the V REF pin. In this way, 
power consumption in the ladder resistor can be suppres- 
sed while no A-D conversion is performed. Figure 13 shows 
the relationship between the contents of A-D control regis- 
ter and the selected input pins. 

The A-D conversion register (address 00DA 16 ) contains in- 
formation on the results of conversion, so that it is possible 
to know the results of conversion by reading the contents of 
this register. 

The following explains the procedure to execute A-D con- 
version. First, set values to bit 2 to bit 0 in the A-D control 
register to select the pins that you want to execute A-D 



conversion. Next, clear the A-D conversion terminate bit to 
"0". When the above is done, A-D conversion is initiated. 
The A-D conversion is completed after an elapse of 50 
machine cycles (25/iS when f(X| N ) = 4MHz), the A-D con- 
version end bit is set to "1", and the interrupt request bit is 
set to "1". The results of conversion are contained in the 
A-D conversion register. 



A-D control register 

(Address 00D9 16 ) 



Analog input selection bit 

000 : I N 0 

001 : IN t 

010 : in 2 
011 : in 3 
100 : in 4 
101 : in 5 
110 : in 6 
111 : in 7 



- A-D conversion end bit 

0 : Under conversion 

1 End conversion 

- V REF connection selection bit 

0 ! V REF is separated 

1 : V REF is connected 

- This bit must be set to "0" 



Fig. 12 Structure of A-D control register 



P2 4 /IN 4 0 



P2 5 /IN 5 0 



7^ 





bit 4 



bitO 



m 



A-D control register 
(Address 00D9 16 ) 



A-D control circuit 




Comparator 



A-D conversion register 
(Address 00DA 16 ) 



Ladder resistor 



Note. AV SS for 56-pm type 



6 

V ss (Note) 



7\ 



- A-D interrupt request 



Fig. 11 A-D converter circuit 
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KEY ON WAKE UP 

"Key on wake up" is one way of returning from a power 
down state caused by the STP or WIT instruction. If any ter- 
minal of port PO has a "L" level applied, after bit 5 of the 
edge polarity selection register (EG 5 ) is set to "1", an in- 
terrupt is generated and the microcomputer is returned to 
the normal operating state. A key matrix can be connected 
to port PO and the microcomputer can be returned to a nor- 



mal state by pushing any key. 

The key on wake up interrupt is common with the IN^ in- 
terrupt. When EG 5 is set to "1", the key on wake up func- 
tion is selected. However, key on wake up cannot be used 
in the normal operating state. When the microcomputer is in 
the normal operating state, both key on wake up and INTi 
are invalid. 



P3 3 /CNTR 1 



- Port P3 3 data read circuit 



P3 2 /CNTR 0 



EG 3 
EG 2 



EG 4 



- CNTR interrupt request signal 



- Port P3 2 data read circuit 



P3o/INT 0 X|N 0-E§*C 1 



CM 7 



PS^INTt 



► Port P3 0 data read circuit 

INT 0 interrupt request signal 



-=> Port P3i data read circuit 



P0 7 L 




CPU halt 
Pull-up state signal 

control register 

Directional register 




Pull-up 

control register 
Directional register 




L^T) , NTl 



interrupt request signal 



P0 0 

O 1 




Pull-up 

control register 
Directional register 

7> 



> Port PO data read circuit 



4h 



Select gate: At reset, shaded side is connected 



Fig. 13 Block diagram of interrupt input and key on wake up circuit 
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RESET CIRCUIT 

The M37471 M2-XXXSP/FP is reset according to the sequ- 
ence shown in Figure 15. It starts the program from the 
address formed by using the content of address FFFF 16 as 
the high order address and the content of the address 
FFFE 16 as the low order address, when the RESET pin is 
held at "L" level for no less than 2/us while the power vol- 
tage is in the recommended operating condition and then 
returned to "H" level. 

The Internal initializations following reset are shown in Fi- 
gure 14. 

Immediately after reset, timer 3 and timer 4 are connected, 
and the f(X, N ) divided by 16 are counted. At this time, FF 16 
is set to timer 3, and 07 16 is set to timer 4. The reset is 
cleared when timer 4 overflows. 







Address 


(1) 


Port P0 directional register 


(C1 16 )- 


(2) 


Port P1 directional register 


(C3 16 )- 


(3) 


Port P2 directional register 


(C5 16 )- 


(4) 


Port P4 directional register 


(C9 16 )- 


(5) 


P0 pull-up control register 


(D0 16 )- 


(6) 


P1~P5 pull-up control register 


(D1 16 )- 


(7) 


Edge selection register 


(EG)(D4 16 )- 


(8) 


A-D control register 


(D9 16 )- 


(9) 


Serial I/O mode register 


(SM)(DC 16 )- 


(10) 


Timer 12 mode register (T12M) (F8 16 )-" 


(11) 


Timer 34 mode register (T34M) (F9 16 ) — 


(12) 


Timer mode register 2 (TM2) (FA 16 )--- 


(13) 


CPU mode register 


(CM)(FB 16 )- 


(14) 


Interrupt request register 1 


(FC 16 )- 


05) 


Interrupt request register 2 


(FD 16 )- 


(16) 


Interrupt control register 1 


(FE 16 )- 


07) 


Interrupt control register 2 


(FF 16 )- 


(18) 


Program counter 


(PC„)- 






(PC l )- 


(19) 


Processor status register 


(PS)- 









00 


16 














00 


16 








oo 16 










0 


0 


0 


0 


Ode 




0 




0 


0 


0 


0 


0 






0 


0 


0 


0 


0 


0 


0 






0 


1 


0 


0 


0 


oo 16 


oo 16 


00! 6 


0 


0 










0 


0 


0 


0 


0 


0 




0 


0 


0 


0 


0 






0 


0 


0 


0 




I 






0 


0 


0 


0 


0 






0 


0 


0 


0 












0 


0 


0 



Contents of address 
FFFFie 



Contents of address 
FFFE 16 



Note '. Since the contents of both registers other than those listed 
above (including timers and the, serial I/O register) are 
undefined at reset, it is necessary to set initial values 



Fig. 14 Internal state of microcomputer at reset 



f(x IN ) JL1 



RESET J 

Internal 
RESET - 

SYNC 
Address 
Data 



.JlhJUlf 



Reset address 
from the vector table 



32768 counts of f(X, N ) 



Note 1 : Frequency relation of f(X, N ) and <f> is f(X iN ) =2- <t> 

2 The mark " ? " means that the address is changeable 
depending upon the previous state 



Fig. 15 Timing diagram at reset 
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I/O PORTS 

(1) PortPO 

Port PO is an 8-bit I/O port with CMOS outputs. As 
shown in Figure 2, PO can be accessed as memory 
through zero page address 00C0 16 . Port PO's direction- 
al register allows each bit to be programmed indi- 
vidually as input or output. The directional register 
(zero page address 00C1 16 ) can be programmed as 
input with "0", or as output with "1". When in the output 
mode, the data to be output is latched to the port latch 
and output. When data is read from the output port, the 
output pin level is not read, only the latched data of the 
port latch is read. Therefore, a previously output value 
can be read correctly even though the output voltage 
level has been shifted up or down. Port pins set as in- 
put are in the high impedance state so the signal level 
can be read. When data is written into the input port, 
the data is latched only to the output latch and the pin 
still remains in the high impedance state. Following the 
execution of STP or WIT instruction, key matrix with 
port PO can be used to generate the interrupt to bring 
the microcomputer back in its normal state. When this 
port is selected for input, pull-up transistor can be con- 
nected in units of 1-bit. 

(2) PortPI 

Port P1 has the same function as port PO. P1 2 ~P1? 
serve dual functions, and the desired function can be 
selected by the program. When this port is selected for 
input, pull-up transistor can be connected in units of 4- 
bit. 

(3) PortP2 

Port P2 has the same function as port PO. This port can 
also be used as an analog voltage input pin. When this 
port is selected for input, pull-up transistor can be con- 
nected in units of 4-bit. 

(4) Port P3 

Port P3 is an 4-bit input port. 



(5) PortP4 

Port P4 is an 4-bit I/O port and has basically the same 
functions as port PO. When this port is selected for in- 
,put, pull-up transistor can be connected in -units of 4- 
bit. 

(6) PortP5 

Port P5 is an 4-bit input port and pull-up transistor can 
be connected in units of 4-bit. P5 0 and P5 1 are shared 
with clock generating circuit input/output pins. 

(7) INT 0 pin (P3 0 /INT 0 pin) 

This is an interrupt input pin, and is shared with port 
P3 0 . When a "H" to "L" or a "L" to "H" transition input is 
applied to this pin, the INT 0 interrupt request bit (bit 0 
of address 00FD 16 ) is set to "1". 

(8) INT! pin (PVINT! pin) 

This is an interrupt input pin, and is shared with port 
P3i. When a "H" to "L" or a "L" to "H" transition input is 
applied to this pin, the INTi interrupt request bit (bit 1 
of address 00FD 16 ) is set to "1". 

(9) Counter input CNTR 0 pin (P3 2 /CNTR 0 pin) 

This is a timer input pin, and is shared with port P3 2 . 
When this pin is selected to CNTR 0 or CNTRi interrupt 
input pin and a "H" to "L" or a "L" to "H" transition input 
is applied to this pin, the CNTR 0 or CNTRi interrupt re- 
quest bit (bit 2 of address 00FD 16 ) is set to "1". 

(10) Counter input CNTRi pin (P33/CNTR! pin) 

This is a timer input pin, and is shared with port P3 3 . 
When this pin is selected to CNTR 0 or CNTRi interrupt 
input pin and a "H" to "L" or a "L" to <'H" transition input 
is applied to this pin, the CNTR 0 or CNTRi interrupt re- 
quest bit (bit 2 of address 00FD 16 ) is set to "1". 
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Pull-up 
control register 



>- | Directional reglsterj - 



Port latch 




Interrupt control circuit 



T r 1 



-o 

Port PO 



Port P1 



Data bus 



Data bus 



Pull-up 
control register 



' ' — [^Directional register | 



latch | P- 



T34M 7 



Data bus 



Ti- 



Directional register I 




T12M 3 



4 



To- 



Directional register! 




1 



Tr2 



-o 

Port P1 3 



T r 3 



1 



Port P1 2 



T r 4 

Port P1! 



-I Directional register! 



Port latch 




1 



-o 

Port P1 0 



Tr1~T r 5 are pull-up transistors 



Fig. 16 Block diagram of ports P0~P1 
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Directional register 



Port latch 




CLK output- 
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Directional register 



SM 3 

4=i> 



Data bus - 



SoUT " 



Directional register 




Data bus- 



Pull-up control register 




-e- 



T r 6 



■o 



Port P1 7 
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Port P1 6 



CLK input- 



Tr8 



Port P1 5 
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-o 



Port P1 4 



T r 6~T r 9 are pull-up transistors 



Fig. 17 Block diagram of port P1 
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Directional register 
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Directional register I- 



Port latch 



j- 



It T,11 



-O 

Port P4 



T r 10~T r 11 are pull-up transistors 



Fig. 18 Block diagram of ports P2~P4 
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T r 12~T r 15 are pull-up transistors 



Fig. 19 Block diagram of port P5 
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CLOCK GENERATING CIRCUIT 

The M37471 M2-XXXSP/FP has two internal clock generat- 
ing circuits. Figure 22 shows a block diagram of the clock 
generating circuits. Normally, the frequency applied to the 
clock input pin X !N divided by two is used as the internal 
clock <t>. Bit 7 of CPU mode register can be used to switch 
the internal clock 0to 1/2 the frequency applied to the 
clock input pin X C in- 

Figure 20 shows a circuit example using a ceramic (or 
crystal) oscillator. Use the manufacturer's recommended 
values for constants such as capacitance which will differ 
depending on each oscillator. When using an external clock 
signal, input from the X iN (X C in) P'n and leave the X OU t 
(Xcout) pin open. A circuit example is shown in Figure 21. 
The M37471 M2-XXXSP/FP has two low power dissipation 
modes; stop and wait. The microcomputer enters a stop 
mode when the STP instruction is executed. The oscillator 
(both X| N clock and X C | N clock) stops with the internal 
clock (f> held at "H" level. In this case timer 3 and timer 4 
are forcibly connected and FF 16 is automatically set in timer 
3 and 07 16 in timer 4. 

Although oscillation is restarted when an external interrupt 
is accepted, the internal clock <f> remains in the "H" state 
until timer 4 overflows. In other words, the internal clock 0 
is not supplied until timer 4 overflows. This is because 
when a ceramic or similar other oscillator is used, a finite 
time is required until stable oscillation is obtained after res- 
tart. 

The microcomputer enters a wait mode when the WIT in- 
struction is executed. The internal clock $ stops at "H" 
level, but the oscillator does not stop. 0 is re-supplied (wait 
mode release) when the microcomputer recieves an inter- 
rupt. 

Instructions can be executed immediately because the 
oscillator is not stopped. The interrupt enable bit of the in- 
terrupt used to reset the wait mode or the stop mode must 
be set to "1" before executing the WIT or the STP instruc- 
tion. 

Low power dissipation operation is also achieved when the 
X| N clock is stopped and the internal clock <f> is generated 
from the X C | N clock (30/M typ. at f (X C | N ) = 32kHz) . X, N 
clock oscillation is stopped when the bit 6 of CPU mode 
register is set and restarted when it is cleared. However, 
the wait time until the oscillation stabilizes must be gener- 
ated with a program when restarting. Figure 24 shows the 
transition of states for the system clock. 



M37471 M2-XXXSP/FP 
X| N Xqut Xcin Xcout 



| Rd „ i Rd 

— Gin T Gout ~ ^ ~ ^ 



Hot- _ 

Ccin T Ccout 



/7Z 



Fig. 20 Example of ceramic resonator circuit 



M37471 M2-XXXSP/FP 
Xin X OUT Xqin X C qut 



| Open I Open 

External oscillating External oscillating circuit 
circuit or external pulse 



v v ::.ruuuir Vo 



Fig. 21 External clock input circuit 
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1/2 



1/2 f-H> 

CM 7 



\ I CM 7 



T34M 0 



1 TiAhA ^ 



T34M, 
T34M ; 



Timer 4 



Q S 



-STP 
instruction 



WIT 

instruction 




Internal clock <f> 



Q S 



Reset 



R — STP instruction 



Reset 




4y 



Interrupt disable flag I 
Interrupt request 



Select gate .' At reset, shaded 
side is connected 



Fig. 22 Block diagram of clock generating circuit 



CPU mode register 

(Address 00FB 16 ) 

- This bit must always be set to "0 " 

- Stack page selection bit 

0 : In page 0 area 

1 : In page 1 area 

- P5 0 , P5i/X C in. Xcout selection bit 

0 : P5 0) P5! 

1 • Xqin. Xcout 

- Xcout drive capacity selection bit 

0 : Low 

1 : High 

-Clock (X| N -Xout) stop bit 

0 Oscillates 

1 : Stops 

-Internal system clock selection bit 

0 : X| N -Xout selected (normal mode) 

1 • Xcin-Xcout selected (low-speed mode) 



Fig. 23 Structure of CPU mode register 
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Note 1 Latency time are automatically generated upon release from the STP instruction due to the connections of timer 
3 and 4. 

2 : When the system clock is switched over by restarting clock oscillation, a certain wait time required for oscillation 
to stabilize must be inserted by the program. 



Fig. 24 Transition of states for the system clock. 
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<<An example of flow for system^ 



Power on reset 
i 

Clock X oscillation 
i 

Internal system clock start (X — ►1/2-* <f>) 
Program start from RESET vector 



Normal program 



-Operating at f(X )N ) 



S 



Clock for clock function X c oscillation start (CM 4 =1, CM 5 =1) 



Oscillation rise time routine (software) 



-•-Operating at f(X, N ) 



i 



X c clock power down (CM 5 : 1 0 ) 

Internal clock <f> source switching X-*X C (CM 7 .* 0 -*■ 1 ) 

Clock X halt(X c in operation )(CM 6 =1 ) 

Internal clock halt(WIT instruction) 
i 

(-►Timer 4 (clock count) overflow 
I 

Internal clock operation start (WIT instruction released) 



Clock processing routine 



— Operating at f(X C iN) 



-Internal clock halt (WIT instruction) 
Interrupts from INT 0 , INT 1( CNTR 0 /CNTR 1( timer 1, timer 2, timer 3, timer 4, serial I/O, key on wake up 
Internal clock operation start (WIT instruction released) 
Program start from interrupt vector 
Clock X oscillation start (CM 6 =0) 



Oscillation rise time routine (software) 



^-Operating at f(X C iN) 



Internal clock 0 source switching (X C -+X)(CM 7 I 1 -* 0 ) 



Normal program 



♦Operating at f(X| N ) 



4-58 



A MITSUBISHI 
ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

M37471M2-XXXSP/FP,M37471M4-XXXSP/FP 

M37471M8-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



STP instruction preparation (pushing registers) 



i 

Timer 3, timer 4 interrupt disable 

X/16 or X c /16 selected for timer 3 count source; timer 3 overflow selected for timer 4 count source 
Timer 3, timer 4 start counting 

Values set to timer 3, timer 4 that do not cause timer 4 to overflow until STP instruction is executed 
Interrupt for return from STP enabled 
Timer 4 interrupt request bit cleared 

Clock X and clock for clock function X c halt (STP instruction) 



RAM backup status 



Interrupts from INT 0( INT 1f CNTRo/CNTR,, timer 1, timer 2, serial I/O, key on wake up 

Clock X and clock for clock function X c oscillation start 
4 

Timer 4 overflow (X/1 6 or X c /1 6-^timer 3 -►timer 4 ) 

3E \ Internal system clock start 

< 1 

rr ▼ 

Program start from interrupt vector 



Normal program 
S 
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PROGRAMMING NOTES 

(1) The frequency ratio of the timer is 1/(n+1) 

(2) Even though the BBC and BBS instructions are ex- 
ecuted after the interrupt request bits are modified (by 
the program) , those instructions are only valid for the 
contents before the modification. Also, at least one in- 
struction cycle must be used (such as a NOP) be- 
tween the modification of the interrupt request bits and 
the execution of the BBC and BBS instructions. 

(3) After the ADC and SBC instructions are executed (in 
decimal mode), one Instruction cycle (such as a NOP) 
is needed before the SEC, CLC, or CLD instructions 
are executed. 

(4) A NOP instruction must be used after the execution of 
a PLP instruction. 

(5) During A-D conversion, don't use STP instruction. 

DATA REQUIRED FOR MASK ORDERING 

Please send the following data for mask orders. 

(1 ) mask ROM confirmation form 

(2) mask specification form 

(3) ROM data EPROM 3 sets 



4-60 



MITSUBISHI MICROCOMPUTERS 

M37471M2-XXXSP/FP,M37471M4-XXXSP/FP 

M37471M8-XXXSP/FP 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s 
Output transistors are 
at "OFF" state 


-0. 3~ 7 


V 


v, 


Input voltage X| N 


-0. 3~Vcc+0. 3 


V 


v, 


Input voltage P0 0 ~P0 7l P1 0 ~P1 7 , P2 0 ~P2 7 , 
P3 0 ~P3 3 , P4 0 ~P4 3> P5 0 ~P5 3 , 
Vref> RESET 


-0. 3~Vcc+0. 3 


V 


Vo 


Output voltage P0 0 ~P0 7 , P1 0 ~P17, P2 0 ~P2 7 , P4 0 ~P4 3 , 

XoUT 


-0. 3~Vcc+0. 3 


V 


Pd 


Power dissipation 


T a = 25°C 


1000(Note 1) 


mW 


Topr 


Operating temperature 




-20—85 


°C 


Tstg 


Storage temperature 




—40—150 


°C 



Note 1 : 500mW for QFP type 



RECOMMENDED OPERATING CONDITIONS 

(V CC =2.7~5.5V, Vss=AVss=0V I Ta=-20~85°C unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max 


Vcc 


Supply voltage 


2.7 


5 


5.5 


V 


V SS 


Supply voltage 




0 




V 


AV SS 


Analog supply voltage 




0 




V 


V IH 


"H" Input voltage P0 0 ~P0 7 , P1 0 ~P1 7 , P3 0 ~P3 3 , 
RESET, X| N 


0. 8V CC 




Vcc 


V 


V,h 


"H" Input voltage P2 0 ~P2 7 , P4 0 ~P4 3 , P5 0 ~P5 3 (Note 1 ) 


0. 7V CC 




Vcc 


V 


V lL 


"L" Input voltage P0 0 ~P0 7 , P1 0 ~P1 7 , P3 0 ~P3 3 


0 




0. 2V CC 


V 


v lL 


"L" Input voltage P2 0 ~P2 7 , P4 0 ~P4 3 , P5 0 ~P5 3 (Note 1 ) 


0 




0. 25V CC 


V 


v lL 


"L" Input voltage RESET 


0 




0. 12V CC 


V 


v, L 


"L" Input voltage X| N 


0 




0. 16V CC 


V 


'oH(sum) 


"H" sum output current P0 0 ~P0 7 , P4 0 ~P4 3 






-30 


mA 


'oH(sum) 


"H" sum output current P1 0 ~P1 7 , P2 0 ~P2 7 






-30 


mA 


'oL(sum) 


"L" sum output current P0 0 ~P0 7 , P4 0 ~P4 3 






60 


mA 


'oLCsum) 


"L" sum output current P1 0 ~P1 7 , P2 0 ~P2 7 






60 


mA 


'oL(peak) 


"L" peak output current P0 0 ~P0 7 , P1 0 ~P1 7 , 
P2 0 ~P2 7 , P4 0 ~P4 3 






20 


mA 


'oL(avg) 


"L" average output current P0 0 ~P0 7 , P1 0 ~P1 7 , 

P2 0 ~P2 7 , P4 0 ~P4 3 (Note 4) 






10 


mA 


'oH(peak) 


*'H" peak output current P0 0 ~P0 7 , P1 0 ~P1 7 , 
P2 0 ~P2 7 , P4 0 ~P4 3 






-10 


mA 


'oH(avg) 


"H" average output current P0 0 ~P0 7 , P1 0 ~P1 7 , 

P2 0 ~P2 7 , P4 0 ~P4 3 (Note 4) 






-5 


mA 


^(CNTR) 


Timer input frequency CNTR 0 (P3 2 ), CNTH-i (P3 3 ) (Note 2) 






1 


MHz 


f(CLK) 


Serial I/O clock input frequency CLK (P1 6 ) (Note 2) 






1 


MHz 


f(x IN ) 


Clock oscillating frequency (Note 2) 






4 


MHz 


f(X c , N ) 


Clock oscillating frequency for clock function (Note 2, 3) 




32 


50 


kHz 



Note 1 : It is except to use P5 0 as X CiN 

2 Oscillation frequency is at 50% duty cycle 

3 I When used in the low-speed mode, the clock oscillating frequency for clock function should be 

f(X CIN )<f(X, N )/3 

4 : The average output current I Q h (avg) and 'ol (avg) are tne average value during a 100ms 
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ELECTRICAL CHARACTERISTICS (V CC =2.7~5.5V, v ss =AV S s=0V, T a =-20~85°C, unless otherwise noted) 



Symbol 


Parameter 


Test Conditions 


Limits 




Mm 


Typ 


Max 


VoH 


"H" output voltage P0 0 ~P0 7l P1 0 ~P17, 
P2 0 ~P2 7 , P4 0 ~P4 3 


V CC =5V, l 0H =-5mA 


3 






y 


V CC =3V, l 0 H=-1.5mA 


2 






VOL 


"L" output voltage P0 0 ~P0 7> P1 0 ~P1 7 , 
P2 0 ~P2 7 , P4 0 ~P4 3 


V CC =5V, l OL =10mA 






2 




V C c=3V, l 0L =3mA 






1 


V T + V T - 


nyolcltJolo rUo r\Jj t rOQ 1O3 


V CC =5V 




0.5 






V CC =3V 




0.3 




V T +-V T - 




V CC =5V 




0.5 






Hysteresis RESET 


V CC =3V 




0.3 




V T+ V T- 


Hv<5tfar*sQi<! P1^/PI K 
nyoltJIcolo r lg/vLr\ 


use as CLK input 


V CC =5V 




0.5 






V CC =3V 




0.3 




IlL 


"L" input current P0 0 ~P0 7 , P1 0 ~P17. P3 0 ~P3 2 , 
P4 0 ~P4 3 , P5 0 ~P5 3 


v,=ov, 

not use pull-up transistor 


Vcc == 5V 






-5 


ju A 


V CC =3V 






-3 


V,=0V, 

use puli-up transistor 


V CC =5V 


— 0. 25 


-0.5 


-1.0 




Vcc == 3V 


-0. 08 


-0. 18 


-0. 35 


1 

ML 


L input current P3 3 


y ( =0V 


V CC =5V 






-5 


fJ. A 


V CC =3V 






-3 


I.L 


"L" input current P2o~P2 7 


V|=0V, not use as analog input, 
not use pull-up transistor 


V CC =5V 






-5 


/UpK. 


V CC =3V 






-3 


V|=0V, not use as analog input, 
use pull-up transistor 


V CC =5V 


-0. 25 


~0.5 


-1.0 




V CC =3V 


— 0. 08 


— 0. 18 


— 0. 35 


IlL 




V,=0V 

(X| N is at stop mode) 


V CC =5V 






-5 


juA 


"L" input current RESET, X, N 


V CC =3V 






-3 


I.H 


"H" input current P0 0 ~P0 7 , P1 0 ~P1 7 , P3 0 ~P3 2 , 
P4 0 ~P4 3 , P5 0 ~P5 3 


V,=V CCl 

not use pull-up transistor 


V CC =5V 






5 


MA 


V CC =3V 






3 


llH 


"H" input current P3 3 


V|— Vcc 


V CC =5V 






5 




V CC =3V 






3 


I.H 


"H" input current P2 0 ~P2 7 


Vi=Vcc. not use as analog input, 
not use pull-up transistor 


V CC =5V 






5 




V CC =3V 






3 


I.H 




V,=V CC , 

(Xin is at stop mode) 


V CC =5V 






5 


11 A 


"H" input current RESET, X| N 


V CC =3V 






3 


'cc 


Supply current 


At normal operation, 

A-D conversion is not executed 

X| N =4MHz 


V CC =5V 




3.5 


7 


mA 


V CC =3V 




1.8 


3.6 


At normal operation, 

A-D conversion is executed 

X| N =4MHz 


V CC =5V 




4 


8 


V CC =3V 




2 


4 


At low-speed mode, 
Xcout is low-power mode, 
A-D conversion is not executed 
X, N =0Hz, X C iN=32kHz, T a =25°C 


V CC =5V 




30 


80 


MA 


V CC =3V 




15 


40 


At wait mode, 
X| N =4MHz 


V CC =5V 




1 


2 


mA 


V CC =3V 




0.5 


1 


At wait mode, X| N =0Hz, X C in— 32kHz, 
Xcout ls low-power mode, T a =25°C 


V CC =5V 




3 


12 


juA 


V CC =3V 




2 


8 


, Stop all oscillation 
V C c=5V 


T a =25°C 




0. 1 


1 


T a =85°C 




1 


10 


Vram 


RAM retention voltage 


Stop all oscillation 


2 






V 
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A-D CONVERTER CHARACTERISTICS (V cc =2.7~5. 5V, V S s=AVss=0V, T a =-20~85°C, f(X IN )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test Conditions 


Limits 


Unit 


Mm. 


Typ 


Max 




Resolution 








8 


bits 




Non-linearity error 








±2 


LSB 




Differential non-linearity error 








±0.9 


LSB 


Vqt 


Zero transition error 


Vcc=V REF =5.12V, l O L(sum)=0mA 






2 


LSB 


Vcc=V REF =3. 072V, l O L(sum)=0mA 






3 


Vfst 


Full-scale transition error 


Vcc=V REF =5.12V 






4 


LSB 


V C c=Vref=3.072V 






7 


tcONV 


Conversion time 








25 


MS 


VvREF 


Reference input voltage 




0. 5V CC 




Vcc 


V 


Rladder 


Ladder resistance value 




2 


5 


10 


kn 


V, A 


Analog input voltage 




0 




v REF 


V 
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DESCRIPTION 

The M37470E4-XXXSP is a single-chip microcomputer de- 
signed with CMOS silicon gate technology. It is housed in a 
32-pin shrink plastic molded DIP. The features of this chip 
are similar to those of the M37470M4-XXXSP except that 
this chip has a 8192 bytes PROM built-in. This single-chip 
microcomputer is useful for home electrical appliances and 
consumer appliance controllers. 

In addition to its simple instruction sets, the PROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming. Since general purpose PROM 
writers can be used for the built-in PROM, this chip is suit- 
able for small quantity production runs. 
The differences between the M37470E4-XXXSP and the 
M37470E8-XXXSP are noted below. The following explana- 
tions apply to the M37470E4-XXXSP. 
Specification variations for other chips are noted accor- 
dingly. 



Type name 


ROM size 


RAM size 


M37470E4-XXXSP 


8192 bytes 


192 bytes 


M37470E8-XXXSP 


16384 bytes 


384 bytes 



PIN CONFIGURATION (TOP VIEW) 



P1 7/Srdy/Aio «-»■ |T 







m** PO7/D7 


P1 6 /CLK/A 9 — [T 






ID** po 6 /d 6 


P VS 0 ut/A 8 [T 






30I++- po c /n c 


PVS, N /A 7 +-[T 






PO4/D4 


PV^/Ae^f? 


§ 




H~ PO3/D3 






GO 
■si 


M++ P0 2 /D 2 


P1i/A 4 +*[7 


-si 


3 


U~ P0 1 /D 1 


P1o~E 


)E8-X 


s 


H~ PO0/D0 


P23/IN 3 /A3^[? 


X 


IH P4!/A 14 


P2 2 /IN 2 /A 2 — [To 


X 


X 


B~ P4 0 /A 13 


P2 1 /IN 1 /A 1 «-|]7 


X 
C/) 


X 

GO 


U*- P3 3 /CNTR 1 /V PP 


P2 0 /IN 0 /A 0 *>|T2 


-o 


"0 


U*- P3 2 /CNTR 0 /CE 


V REF /CE-[[3 






M*- PSi/INT^A^ 


X|N — [j] 






n«- pso/into/ah 


XoUT «- Of 






IH *~ RESET 


V ss [I 






m Vcc 



Outline 32P4B 



FEATURES 

• Number of basic instructions 69 

• Memory size PROM 8192 bytes (M37470E4) 

16384 bytes (M37470E8) 

RAM 192 bytes (M37470E4) 

384 bytes (M37470E8) 

• Instruction execution time 

1/ws (minimum instructions at 4MHz frequency) 

• Single power supply 2.7~5.5V 

• Power dissipation 

normal operation mode (at 4MHz frequency) 17.5mW 

• Subroutine nesting 96 levels max. (M37470E4) 

• Interrupt 12 types, 10 vectors 

• 8-bit timer 4 

• Serial I/O • 8-bitX1 

• Programmable I/O ports (Ports PO, P1, P2, P4) 22 

• Input port (Port P3) 4 

• A-D converter 8-bit, 4-channel 

• PROM (equivalent to the M5L27256) 

program voltage 12.5V 

APPLICATION 

Office automation equipment, VCR, Tuner, Audio-visual 
equipment 
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M37470E4-XXXSP BLOCK DIAGRAM 



Clock Clock 
input output 

X| N Xqut 



Reset input 



RESET 



Vcc 



^"i^ 



Clock generating 
circuit 



TV 



TV 



(Note 2) 



TV 



TV 



RAM 
192 
bytes 



Program 


Program 


counter 


counter 


PC H (8) 


PC U (8) 



(Note 1) 



PROM 
8192 
bytes 



8-bit 
arithmetic 
and 
logical 
unit 

— Tv — 



Accumulator 

A(8) 

— TV — 



Processor 
status 
register 

PS (8) 

TV 



Index 
register 

X(8) 



1Z 



Index 
register 

Y(8) 

"TV" 



12 



Stack 
pointer 

S(8) 

"TV" 



L2 



c 



c 



2L 



Timer 1 (8) 



C 



Timer 2(8) 



r TrimerSW 



| Timer 4(8)' 



Instruction 
register (8) 



I Instruction decoder! 

7 

Control signal 



jPWM control^ 



TV 



12 



CNTR 



I P4(2) | 



CNTRo 

U I 



TV 



TV 



j A^D converter | 



INTt 
| INTq 



P3(4) 



7^- 



12 



Byte 
counter (4) 



TV 



Serial 1/0(8) 



P2(4) 



TV 



--4x8) q&mm — ® 

I/O port P4 




12 



P0(8) 



Note 1 : 16384 bytes for M37470E8-XXXSP 
2 : 384 bytes for M37470E8-XXXSP 



Input port P3 Reference I/O port P2 

voltage input 



I/O port P1 



I/O port PO 



"0 
O 

S 

< 
m 

£ 
o 



Hi 

Hj 
o 



X 
X 
X 

(ft 
u 

S 

w 

* 
O 

S 

00 

I 

X 
X 
X 



2 

w 

O 

m 

i 

x 

X 
X 

(ft 



w 2 

O 

m 

i 

x 
x 

X 

■o 3 



O 

o 
o 
o 
s 



MITSUBISHI MICROCOMPUTERS 



M37470E4-XXXSP 
M37470E8-XXXSP 

PROM VERSION of M37470M4-XXXSP.M37470M8-XXXSP 



FUNCTIONS OF M37470E4-XXXSP, M37470E8-XXXSP 



Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


Ijus (minimum instructions, at 4MHz frequency) 


Clock frequency 


4MHz (max.) 


Memory size 


M37470E4-XXXSP 


PROM 


8192 bytes (Note 1) 


RAM 


192 bytes 


M37470E8-XXXSP 


PROM 


16384 bytes (Note 1) 


RAM 


384 bytes 


Input/Output port 


PO, P1 


I/O 


8-bitX2 


P2 


I/O 


4-bitXl 


P3 


Input 


4-bitXl 


P4 


I/O 


2-bitXl 


Serial I/O 


8-bitX1 


Timers 


8-bit timerX4 


A-D converter 


8-bitX1 (4channel) 


Subroutine nesting 


M37470E4-XXXSP 


96 levels (max ) i 


M37470E8-XXXSP 


192 levels (max ) 


Interrupt 


Five external interrupts, six internal interrupts, one software interrupt 


Clock generating circuit 


Built-in with internal feedback resistor (ceramic or quartz crystal oscillator) 


Supply voltage 


2 7-5 5V 


Power dissipation 


17 5mW(atf(X, N )=4MHz) 


Input/Output 
characteristics 


Input/Output voltage 


5V 


Output current 


-5~10mA (ports PO, P1, P2, P4 CMOS tn -state output) 


Operating temperature range 


-20~85°C 


Device structure 


CMOS Silicon gate 


Package 


32-pin shrink plastic molded DIP 



Note 1 .' The PROM programming voltage is 12.5V (equivalent to the M5L27256). 
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PIN DESCRIPTION 



Pin 


Mode 


Name 


Input/ 
Output 


Functions 


Vcc, 
V S s 


Single-chip 
/EPROM 


Supply voltage 




Power supply inputs 2 7~5.5V to Vcc and OV to Vss 


RESET 


Single-chip 


RESET input 


Input 


To reset, keep this input terminal low for more than 2//s (min) under normal Vcc 
conditions. 


EPROM 


RESET input 


Connect to V S s 


X|N 


Single-chip 
/EPROM 


Clock input 


Input 


Connect a ceramic or a quartz crystal oscillator between X tN and X 0 ut for clock 
oscillation If an external clock input is used, connect the clock input to the X iN pin 
and open the Xout pin Feedback resistor is connected between the Xin and Xout 
pins 


XoUT 


Clock output 


Output 


P0 o ~P0 7 


Single-chip 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port The output structure is CMOS output When this port is 
selected for input, pull-up transistor can be connected in units of 1 -bit and a key on 
wake up function is provided 


EPROM 


Data input/output D 0 ~D 7 


I/O 


Port PO works as an 8-bit data bus (D 0 ~D 7 ) 


P1 0 ~P1 7 


Single-chip 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port The output structure is CMOS output When this port is 
selected for input, pull-up transistor can be connected in units of 4-bit P1 2 , PI3 are 
in common with timer output pins T 0 , T^ PI4. PI5. P16. PI7 are in common with serial 
I/O pins Sin, Sout. CLK, Sr DYi respectively The output structure of Sout and Srdy 
can be changed to N-channel open drain output 


EPROM 


Address input A 4 ~Aio 


Input 


P1i~P17 works as the 7-bit address input (A 4 ~A 10 ) P1o must be opened. 


P2 0 ~P2 3 


Single-chip 


I/O port P2 


I/O 


Port P2 is an 4-bit I/O port. The output structure is CMOS output When this port is 
selected for input, pull-up transistor can be connected in units of 4-bit This port is 
in common with analog input pins INo~IN 3 . 


EPROM 


Address input A 0 ~A 3 


Input 


Port P2 works as the lower 4-bit address input (A 0 ~A 3 ) 


P3 0 ~P3 3 


Single-chip 


Input port P3 


Input 


Port P3 is an 4-bit input port P3 0 , P3i are in common with external interrupt input 
pins INTo, INTt and P32, P3 3 are in common with timer input pins CNTR 0 , CNTR1 


EPROM 


Address input An, A 12 
Select mode 
Vp P input 


Input 


P3 0 , P3i works as the 2-bit address input (An, A 12 ) 

P3 2 works as OE input Connect to P3 3 to V P p when programming or verifing 


P4 0 , P4t 


Single-chip 


I/O port P4 


I/O 


Port P4 is an 2-bit I/O port The output structure is CMOS output When this port is 
selected for input, pull-up transistor can be connected in units of 2-bit 


EPROM 


Address input A 13) A 14 


Input 


Port P4 works as the higher 2-bit address input (Ai 3 , A 14 ) 


V ref 


Single-chip 


Reference voltage 
input 


Input 


This is the reference voltage input pin for the A-D converter 


EPROM 


Select mode 


Input 


Vref works as CE input 
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EPROM MODE 

The M37470E4-XXXSP, M37470E8-XXXSP feature an 
EPROM mode in addition to its normal modes. When the 
RESET signal level is low ("L"), the chip automatically en- 
ters the EPROM mode. Table 1 list the correspondence 
between pins and Figure 1 gives the pin connection in the 
EPROM mode. When in the EPROM mode, ports PO, Pl^ 
P1 7 , P2, P3, P4, V REF are used for the PROM (equivalent to 
the M5L27256). When in this mode, the built-in PROM can 
be written to or read from using these pins in the same way 
as with the M5L27256. The oscillator should be connected 
to the X| N and X OU t pins, or external clock should be con- 
nected to the X| N pin. 



Table 1. Pin function in EPROM mode 





M37470E4-XXXSP, M37470E8-XXXSP 


M5L27256 


Vcc 


Vcc 


V C c 


Vpp 


P3 3 


Vpp 


V ss 


Vss 


V SS 


Address input 


Ports P-h — Ply, P2 0 ~P2 3 
P3 0> P3 1( P4 0 , P4, 


A 0 ~A 14 


Data I/O 


Port PO 


D 0 ~D 7 


CE 


V REF 


CE 


OE 


P3 2 


OE 



(A10)— P1 7 /S RDY 
(53 — P1 6 /CLK 

C5>- P^/SoUT 

(3?) PI4/S1N 

(3D — PVT, 

(5) — pi 2 /t 0 
(£) pii 




CO CO 



H po 7 - 

lO^-POe- 
D^POs- 

U po 4 - 
1-P03- 

27]^P0 2 - 

U*+poi- 

m^po 0 - 

24] ~ P4, - 
U^P4 0 - 



<57) 

-<2D 



U <— P3 3 /CNTR 1 -<VW) 
U*-P3 2 /CNTR 0 -<§) 

H^P^/INT! c5i 

IU — P3 0 /INT 0 CaTT) 

U^- RESET 

33 Vc, 




I Same functions as M5L27256 



Fig.1 Pin connection in EPROM mode 
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PROM READING AND WRITING 
Reading 

To read the PROM, set the CE and OE pins to a "L" level. 
Input the address of the data (A 0 ~A 14 ) to be read and the 
data will be output to the I/O pins D 0 ~D 7 . The data I/O 
pins will be floating when either the CE or OE pin is in the 
"H" state. 

Writing 

To write to the PROM, set the OE pin to a "H" level. The 
CPU will enter the program mode when V PP is applied to 
the V PP pin. The address to be written to is selected with 
pins A 0 ~ A-14, and the data to be written is input to pins D 0 
~D 7 . Set the CE pin to a "L" level to begin writing. 

Notes on Writing 

• M37470E4-XXXSP 

When using a PROM writer, the address range should be 
between 6000 16 and 7FFF 16 . Read/write operations on 
addresses 0000 16 to 5FFF 16 cannot be performed cor- 
rectly. 

• M37470E8-XXXSP 

When using a PROM writer, the address range should be 
between 4000 16 and 7FFF f6 . When data is written be- 
tween addresses 0000 16 and 7FFF 16 , fill addresses 
0000 16 to 3FFF 16 with FF 16 . 



Table 2. I/O signal in each mode 



Pin 

Mode 


CE(13) 


OE(21) 


V PP (22) 


V cc (17) 


Data I/O 

(25-32) 


Read-out 


V IL 


V 1L 


Vcc 


Vcc 


Output 


Output disable 




V IH 


Vcc 


Vcc 


Floating 


Programming 


v IL 


V IH 


Vp P 


V C c 


Input 


Programming verify 


V,h 


V, L 


v PP 


Vcc 


Output 


Program disable 


V IH 


V, H 


Vpp 


Vcc 


Floating 



Note 1 V| L and V, H indicate a "L" and "H" input voltage, respectively 



NOTES ON HANDLING 

(1) Since a high voltage (12.5V) is used to write data, care 
should be taken when turning on the PROM writer's 
power. 

(2) For the programmable microcomputer (shipped in 
blank or OTP type) , Mitsubishi does not perform 
PROM write test and screening in the assembly pro- 
cess and following processes. To improve reliability af- 
ter write, performing write and test according to the 
flow below before use is recommended. 



Writing with PROM writer 



Screening (Note) (Leave at 150°C for 40 hours) 



Verify test with PROM writer 



Function check in target device 



Note '. Since the screening temperature is higher than 
storage temperature, never expose to 150°C ex- 
ceeding 100 hours. 
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ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V ss 
Output transistors are 
at "OFF" state 


-0. 3— 7 


V 


V, 


Input voltage X| N 


-0. 3— V cc +0. 3 


V 


V, 


Input voltage P0 0 ~P0 7 , P1 0 ~P1 7 , P2 0 ~P2 3 , 

P3 0 ~P3 3l P4 0 , P4 1f V REFl RESET 


-0. 3~V cc +0. 3 
(Note 1) 


V 


V 0 


Output voltage P0 0 ~P0 7 , P1 0 ~P17, P2 0 ~P2 3l 
P4o.P4i,Xout 


-0. 3-Vcc+O. 3 


V 


Pd 


Power dissipation 


T a = 25°C 


1000 


mW 


Topr 


Operating temperature 




-20—85 


°C 


Tstg 


Storage temperature 




—40—150 


°C 



Note 1 I In EPROM programming mode, P3 3 is 13V 



RECOMMENDED OPERATING CONDITIONS 

(V cc =2. 7~5. 5V, V ss =0V, Ta=-20~85"C unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ 


Max. 


Vcc 


Supply voltage 


2.7 


5 


5.5 


V 


Vss 


Supply voltage 




0 




V 


V, H 


"H" Input voltage P0 0 ~P0 7 , P1 0 ~P17, P3 0 ~P3 3 , 
RESET, X, N 


0. 8V CC 




Vcc 


V 


V, H 


"H" Input voltage P2 0 ~P2 3 , P4 0 , P4 t 


0. 7V CC 




Vcc 


V 


V, L 


"L" Input voltage P0 0 ~P0 7 , P1 0 ~P17, P3 0 ~P3 3 


0 




0. 2V CC 


V 


V, L 


"L" Input voltage P2 0 ~P2 3 ^ P4 0 , P4^ 


0 




0. 25V CC 


V 


V, L 


"L" Input voltage RESET 


0 




0. 12V CC 


V 


V, L 


"L" Input voltage X| N 


0 




0.16V CC 


V 


'oH(sum) 


"H"sum output current POo~P0 7 , P4 0 , P4i 






—30 


mA 


'on(sum) 


"H"sum output current P1 0 ~P17. P2 0 ~P2 3 






-30 


mA 


'oL(sum) 


"L" sum output current POo~P0 7 , P4o, P4^ 






60 


mA 


'oL(sum) 


"L" sum output current P1 0 ~P17, P2o~P2 3 






60- 


mA 


'oL(peak) 


"L" peak output current P0 0 ~P0 7 , P1o~P17. 

P2 0 ~P2 3) P4 0 , P4t 






20 


mA 


! oi_(avg) 


"L" average output current P0 0 ~P07, P1o~P17, 

P2 0 ~P2 3 , P4 0 , P4 1 (Note 2) 






10 


mA 


'oH(peak) 


"H" peak output current P0 0 ~P07, P1 0 ~P1 7 , 
P2 0 ~P2 3 , P4 0 , P4, 






-10 


mA 


'oH(avg) 


"H" average output current P0 0 ~P0 7 , P1 0 ~P1 7 , 

P2 0 ~P2 3 , P4 0 , P4-, ( Note 2} 






—5 


mA 


f(CNTR) 


Timer input frequency CNTR 0 (P3 2 ), CNTRi (P3 3 ) (Note 1 ) 






1 


MHz 


f(CLK) 


Serial I/O clock input frequency CLK ( P1 6 ) ( Note 1 ) 






1 


MHz 


f(x IN ) 


Clock oscillating frequency ( Note 1 ) 






4 


MHz 



Note 1 '. Oscillation frequency is at 50% duty cycle. 

2 : The average output current l 0 H(avg) and 'oL(avg) a re tn © average value during a 100ms 
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ELECTRICAL CHARACTERISTICS (V CC =2.7~5.5V, V ss =0V, T a =-20~85°C, unless otherwise noted) 



Symbol 


Parameter 


Test Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vqh 


'H" output voltage P0 0 ~P0 7 , P1 0 ~P17. P2 0 ~P2 3 , P4 0> 


V CC =5V, l 0H =-5mA 


3 






V 


V C c=3V, l 0H = -1.5mA 


2 






Vol 


"L" output voltage P0 0 ~P0 7> P1 0 ~P17. P2 0 ~P2 3 , P4 0l P4, 


V C c=5V, l OL =10mA 






2 


V 


V C c=3V, l 0L =3mA 






1 


V t +-V t - 


Hysteresis P0 0 ~P0 7 , P3 0 ~P3 3 


V CC =5V 




0. 5 




V 


V CC =3V 




0. 3 




V t +-V t - 


Hysteresis RESET 


V CC =5V 




0. 5 




V 


V CC =3V 




0. 3 




V t +-V t - 


Hysteresis P1 6 /CLK 


use as CLK input 


V CC =5V 




0. 5 




V 


V CC =3V 




0. 3 








V,=0V, 


V CC =5V 






—5 


juA 




"L" input current P0 0 ~P0 7 , P1 0 ~P17. P3 0 ~P3 2l P4 0 , P4, 


not use pull-up transistor 


V CC =3V 






—3 


I.l 


V,=0V, 


V CC =5V 


— 0. 25 


—0. 5 


— 1.0 


mA 






use pull-up transistor 


V CC =3V 


— 0. 08 


—0. 18 


—0. 35 




"L" input current P3 3 


V,=0V 


V CC =5V 






—5 


juA 


l|L 


V CC =3V 






—3 






V|=0V, not use as analog input, 


V CC =5V 






—5 


juA 




"L" input current P2 0 ~P2 3 


not use pull-up transistor 


V CC =3V 






—3 


i.L 


V|=0V, not use as analog input, 


V CC =5V 


-0. 25 


-0.5 


— 1.0 


mA 




i 


use pull-up transistor 


V CC =3V 


-0. 08 


-0. 18 


-0. 35 




"L" input current RESET, X )N 


V|=0V 


V CC =5V 






—5 


juA 


I.L 


(X| N is at stop mode) 


V CC =3V 






-3 




"H" input current POo~P0 7 , P1o~P1 7 , P3o~P32, P4o, P4t 


V,=Vcc, 


V CC =5V 






5 


mA 


■lH 


not use pull-up transistor 


V CC =3V 






3 




"H" input current P3 3 


V,=V CC 


V CC =5V 






5 


juA 


I.H 


V CC =3V 






3 




"H" input current P2 0 ~P2 3 


Vi=V C c, not use as analog input, 


V CC =5V 






5 


juA 


I.H 


not use pull-up transistor 


V CC =3V 






3 




"H" input current RESET, X| N 


V,=V CC , 


V CC =5V 






5 


MA 


I.H 


(X| N is at stop mode) 


V CC =3V 






3 






At normal operation, 

A-D conversion is not executed 

X| N =4MHz 


V CC =5V 




3.5 


7 








V CC =3V 




1.8 


3.6 








At normal operation, 
A-D conversion is executed 
X, N =4MHz 


V CC =5V 




4 


8 


mA 


'cc 


Supply current 


V CC =3V 




2 


4 








At wait mode, 


V CC =5V 




1 


2 








X, N =4MHz 


V CC =3V 




0.5 


1 








Stop all oscillation 


T a =25°C 




0.1 


1 


juA 






V CC =5V 


T a =85°C 




1 


10 


Vram 


RAM retention voltage 


Stop all oscillation 


2 






V 



A-D CONVERTER CHARACTERISTICS (V cc =2. 7-5. 5V, V ss =0V, T a =-20~85°C, f(X 1N )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test Conditions 


Limits 


Unit 


Mm 


Typ 


Max 




Resolution 








8 


bits 




Non-linearity error 








±2 


LSB 




Differential non-linearity error 








±0.9 


LSB 


Vox 


Zero transition error 


V C c=Vref=5.12V, l O L(sum)=0mA 






2 


LSB 


V C c=V REF =3. 072V, l O L(sum)=0mA 






3 


V FST 


Full-scale transition error 


V C c=Vref=5.12V 






4 


LSB 


Vcc=Vref=3.072V 






7 


tcONV 


Conversion time 








25 


jus 


VvREF 


Reference input voltage 




0. 5V CC 




Vcc 


V 


Rladder 


Ladder resistance value 




2 


5 


10 


kO 


V 1A 


Analog input voltage 




0 




v REF 


V 
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DESCRIPTION 

The M37471 E4-XXXSP/FP is a single-chip microcomputer 
designed with CMOS silicon gate technology. It is housed 
in a 42-pin shrink plastic molded DIP or a 56-pin plastic 
molded QFP. The features of this chip are similar to those 
of the M37471 M4-XXXSP/FP except that this chip has a 
8192 bytes PROM built-in. This single-chip microcomputer 
is useful for home electrical appliances and consumer ap- 
pliance controllers. 

In addition to its simple instruction sets, the PROM, RAM, 
and I/O addresses are placed on the same memory map to 
enable easy programming., Since general purpose PROM 
writers can be used for the built-in PROM, this chip is suit- 
able for small quantity production runs. 
The differences between the M37471 E4-XXXSP/FP and the 
M37471 E8-XXXSP/FP are noted below. The M37471E8SS 
are the window type. The following explanations apply to 
the M37471 E4-XXXSP/FP. 

Specification variations for other chips are noted accor- 
dingly. 



Type name 


ROM size 


RAM size 


M37471 E4-XXXSP/FP 


81 92 bytes 


1 92 bytes 


M37471 E8-XXXSP/FP 
M37471 E8SS 


16384 bytes 


384 bytes 



The differences between the M37471 E4-XXXSP and the 
M37471 E4-XXXFP are the package outline and the power 
dissipation ability (absolute maximum ratings). 



FEATURES 

• Number of basic instructions 

• Memory size PROM 
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8192 bytes (M37471E4) 

16384 bytes (M37471E8) 

RAM 192 bytes (M37471E4) 

384 bytes (M37471E8) 

• Instruction execution time 

1/i-s (minimum instructions at 4MHz frequency) 

• Single power supply 2.7~5.5V 

• Power dissipation 

normal operation mode (at 4MHz frequency) 17.5mW 

• Subroutine nesting 96 levels max. (M37471E4) 

• Interrupt 12 types, 10 vectors 

• 8-bit timer 4 

• Serial I/O 8-bitXl 

• Programmable I/O ports (Ports P0, P1.P2.P4) 28 

• Input ports (Port P3, P5) 8 

• A-D converter 8-bit, 8-channel 

• Two clock generator circuits 

(One is for main clock, the other is for clock function) 

• PROM (equivalent to the M5L27256) 

program voltage 12.5V 

APPLICATION 

Office automation equipment, VCR, Tuner, Audio-visual 
equipment 



PIN CONFIGURATION (TOP VIEW) 



P5 3 - 
PVS^/Aio* 
P1 6 /CLK/A 9 « 
PVSout/A 8 * 
P1 4 /S| N /A 7 « 
PVTi/A 6 * 
P1 2 /T 0 /A 5 * 
PVA 4 « 
P1o« 
P2 7 /IN 7 « 
P2 6 /IN 6 « 
P2 5 /IN 5 « 
P2 4 /IN 4 « 
P2 3 /IN 3 /A 3 « 
P2 2 /IN 2 /A 2 <» 
P2 1 /IN 1 /A 1 <• 
P2 0 /IN 0 /A 0 « 
Vref/CE- 

X|N ~ 
XoUT * 

V SS 




- P5 2 

► P0 7 /D 7 

► P0 6 /D 6 

► P0 5 /D 5 

► P0 4 /D 4 

► P0 3 /D 3 

► P0 2 /D 2 

► PO^Dt 

► P0 o /D o 
►P4 3 
►P4 2 

► P4 1 /A 14 

► P4 0 /A 13 

- P33/CNTFVVRP 

- P3 2 /CNTR 0 /OE 

- PSi/llsnyA^ 

- PVINTo/An 



- RESET 

► P5-|/XcoUT 

" P5 0 /Xcin 
V C c 



Outline 42P4B (OTP) 

42S1B (Window) 



CO o I w O □ Q 

O ) ) J lo" S O ino^oO 
Z 1 Dl 0. 0. > Z Q.Q.Q.Q.Z 

1)11 MM 

|g |^ [5| lol^lliTlisol |5| Filial Pel |«| 




NC 

P0 4 /D 4 
P0 3 /D 3 
P0 2 /D 2 
P0 1 /D 1 
PO0/D0 
P4 3 
P4 2 

P4 1 /A 14 
P4 0 /A 13 
NC 

P33/CNTFVVPP 

P3 2 /CNTR 0 /OE 

P^/INiyA^ 

P30/INVAH 

NC 



llZlL^l^|20|l2lJl22jl^l24j|^|^|£j|28j 

t 1 m t 



Outline 56P6N 



NC : No connection 
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M37471E4-XXXSP BLOCK DIAGRAM 

Clock Clock 

input output Resennput 
X, N Xout RESET V cc V. 

-0 (5^r (25> @ (2T> 




<D®@(§) (§@(3T)®- 

Input port P5 I/O port P4 



qb; 

» v v REF 

Input port P3 Reference 
voltage input 



<MMyhhh® &&§mmi)® 



WO port P2 



I/O port P1 



I/O port PO 



Note 1 I 16384 bytes for M37471 E8-XXXSP, M37471E8SS 
2 : 384 bytes for M37471 E8-XXXSP, M37471E8SS 
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M37471E4-XXXFP BLOCK DIAGRAM 

Clock Clock 

input output R eset inp ut 

X|N XoUT 



V ss AV S) 



ICIock generatingi 
circuit I 



XciN X C OUT 



Data bus 



(Note 2) 



192 
bytes 



1 



Program 


Program 


counter 


counter 


PC H (8) 


PC L (8) 



(Note 1 



8192 
bytes 



8-bit 
Arithmetic 



I 



Accumulator 




Processor 






status 


A(8) 




register 




PS(8) 



Index 
register 
X(8) 

"7T 



Index 
register 

Y(8) 



1Z- 



Stack 
pointer 

S(8) 

TV 



I Timer 1 (8)| — x 



register (8) 



I Timer 2 (8)1 




Ilnsfructionl 
decoder | 

Control signal 



PWM control 



b 



TV 



XcOUT 

XciN 



P5(4) 



CNTR 



P4(4) 



CNTR 0 

U I 



TV 



TV 



■ Sf ■ , 

|A-D converterl 



INL 
I INT 0 



P3(4) 



Tv — TV 



P2(8) 



® ©d>® @(^)® ® — ©- - — <Mx§)®p®®® — 

Input port P5 I/O port P4 Input port P3 prince 1/0 P ° rt P2 

voltage input 




7Y 



I/O port P1 




I/O port PO 



Note 1 : 16384 bytes for M37471 E8-XXXFP 
2 : 384 bytes for M37471 E8-XXXFP 
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FUNCTIONS OF M37471 E4-XXXSP/FP, M37471 E8-XXXSP/FP, M37471E8SS 



Parameter 


Functions 


Number of basic instructions 


69 


Instruction execution time 


1//s (minimum instructions, at 4MHz frequency) 


Clock frequency 


4MHz (main clock input), 32kHz (for clock function). 


Memory size 


M37471 E4-XXXSP/FP 


PROM 


8192 bytes (Note 1) 


RAM 


192 bytes 


M37471 E8-XXXSP/FP 
M37471E8SS 


PROM 


16384 bytes (Note 1) 


RAM 


384 bytes 


Input/Output port 


PO, P1, P2 


I/O 


8-bitX3 


P3, P5 


Input 


4-bitX2 


P4 


I/O 


4-bitX1 


Serial I/O 


8-bitX1 


Timers 


8-bit timerX4 


A-D converter 


8-bitX1 (8channel) 


Subroutine nesting 


M37471 E4-XXXSP/FP 


96 levels (max ) 


M37471 E8-XXXSP/FP, M37471E8SS 


192 levels (max ) 


Interrupt 


Five external interrupts, six internal interrupts, one software interrupt 


Clock generating circuit 


Two built-in circuits with internal feedback resistor (ceramic or quartz 
crystal oscillator) 


Supply voltage 


2 7~5 5V 


Power dissipation 


At high-speed operation 


17 5mW (atf(X, N )=4MHz) 


At low-speed operation 


0 15mW (at f(X C i N )= 32kHz) 


At stop mode 


0 5^W (at clock stop) 


Input/Output 
characteristics 


Input/Output voltage 


5V 


Output current 


-5~10mA (ports PO, P1, P2, P4 CMOS tn-state output) 


Operating temperature range 


-20~85°C 


Device structure 


CMOS Silicon gate 


Package 


M37471E4-XXXSP 


42-pin shrink plastic molded DIP 


M37471E8-XXXSP 


M37471 E4-XXXFP 


56-pin plastic molded QFP 


M37471E8-XXXFP 


M37471 E8SS 


42-pin shrink ceramic DIP 



Note 1 : The PROM programming voltage is 12.5V (equivalent to the M5L27256) 
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PIN DESCRIPTION 



Pin 


Mode 


Name 


Input/ 
Output 


Functions 


Vcc. 
Vss' 


Single-chip 
/EPROM 


Supply voltage 




Power supply inputs 2 7~5 5V to Vcc and OV to Vss 


AV SS 


Single-chip 
/EPROM 


Analog power supply 




Ground level input pin for A-D converter Same voltage as V ss is applied This pin is 
for 56-pin model only 


RESET 


Single-chip 


RESET input 




To reset, keep this input terminal low for more than 2/us (mm) under normal Vcc 
conditions 


EPROM 


RESET input 


Connect to V S s 




Single-chip 
/EPROM 


Clock input 


Input 


Connect a ceramic or a quartz crystal oscillator between Xin and Xout for clock 
oscillation If an external clock input is used, connect the clock input to the Xin pin 
and open the Xour pin Feedback resistor is connected between the X| N and X 0 ut 


XoUT 


Clock output 


Output 


P0 0 ~P0 7 


Single-chip 


I/O port PO 


I/O 


Port PO is an 8-bit I/O port The output structure is CMOS output When this port is 
selected for input, pull-up transistor can be connected in units of 1-bit and a key on 
wake up function is provided 


EPROM 


Data input/output Do~D 7 


I/O 


Port PO works as an 8-bit data bus (D 0 ~D 7 ) 


P1 0 ~P1 7 


Single-chip 


I/O port P1 


I/O 


Port P1 is an 8-bit I/O port The output structure is CMOS output When this port is 
selected for input, pull-up transistor can be connected in units of 4-bit P1 2 , PI3 are 
in common with timer output pins To, T1 PI4, PI5, P16> PI7 are in common with serial 
I/O pins S| N , Sout. CLK, S RD y. respectively The output structure of S 0 ut and S RDY 
can be changed to N-channel open drain output 


EPROM 


Address input A4~Aio 




P1i~P1 7 works as the 7-bit address input (A4 — A-iq) P1o must be opened 


P2 0 ~P2 7 


Single-chip 


I/O port P2 


I/O 


Port P2 is an 8-bit I/O port The output structure is CMOS output When this port is 
selected for input, pull-up transistor can be connected in units of 4-bit This port is 
in common with analog input pins IN 0 ~IN 7 . 


EPROM 


Address input Ao~A 3 




P2q~P2 3 works as the lower 4-bit address input (Ao~A 3 ) 
P2 4 ~P2 7 must be opened. 


P3 0 ~P3 3 


Single-chip 


Input port P3 


Input 


Port P3 is an 4-bit input port P3 0 , P3i are in common with external interrupt input 
pins INT 0 , INTt and P32, P3 3 are in common with timer input pins CNTR 0 , CNTR t 


EPROM 


Address input An, A 12 
Select mode 
Vp P input 


Input 


P3 0 , P3i works as the 2-bit address input (An, A 12 ) 

P3 2 works as OE input Connect to P3 3 to Vpp when programming or verifing 


P4 0 ~P4 3 


Single-chip 


I/O port P4 


I/O 


Port P4 is an 4-bit I/O port The output structure is CMOS output When this port is 
selected for input, pull-up transistor can be connected in units of 4-bit 


EPROM 


Address input A 13 , A 14 


Input 


P4 0 , P4i works as the higher 2-bit address input (A 13 , A 14 ) 
P4 2i P4 3 must be opened 


P5 0 ~P5 3 


Single-chip 


Input port P5 


Input 


Port P5 is an 4-bit input port and pull-up transistor can be connected in units of 4- 
bit P5 0 , P5i are in common with input/output pins of clock for clock function X C in. 
Xcout- When P5 0 , P5! are used as X C in. Xcout. connect a ceramic or a quartz crystal 
oscillator between X C in and Xcout If an external clock input is used, connect the 
clock input to the X C in P'n and open the X C out pin Feedback resistor is connected 
between X C in and X C out pms 


EPROM 


Open 


v REF 


Single-chip 


Reference voltage 
input 


Input 


This is the reference voltage input pin for the A-D converter 


EPROM 


Select mode 


Input 


V REF works as CE input 
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EPROM MODE 

The M37471 E4-XXXSP/FP, M37471 E8-XXXSP/FP, M37471E8SS 
feature an EPROM mode in addition to its normal modes. 



Table 1. Pin function in EPROM mode 



When the RESET signal level is low ("L"), the chip auto- 
matically enters the EPROM mode. Table 1 list the corres- 
pondence between pins and Figure 1, 2 gives the pin con- 
nection in the EPROM mode. When in the EPROM mode, 
ports PO, P J \i~P1 7 , P2 0 ~P2 3 , P3, P4 0 , P4 1( V REF are used 
for the PROM (equivalent to the M5L27256). When in this 
mode, the built-in PROM can be written to or read from us- 
ing these pins in the same way as with the M5L27256. The 
oscillator should be connected to the X, N and X OU t pins, or 
external clock should be connected to the X tN pin. 





M37471 E4-XXXSP/FP, 
M37471 E8-XXXSP/FP, 
M37471E8SS 


M5L27256 


Vcc 


Vcc 


Vcc 


Vp P 


P3 3 


Vrp 


V S s 


Vss 


Vss 


Address input 


Ports P-h — Ply, P2 0 ~P2 3 
P3 0 , P3i , P4 0 , P4! 


A 0 ~A 14 


Data I/O 


Port PO 


D 0 ~D 7 


CE 


Vref 


CE 


OE 


P3 2 


OE 




-(£) 

-(£) 
-<eD 



<SD 

© 

P3 3 /CNTR, (vjj) 

P3 2 /CNTR 0 (fif) 

P3,/INT, (XJ) 

P3 0 /INT 0 (fu_ 



RESET p v« 

PS^XcoUT 

P5o/Xcin 

Vcc (S) 



CZ) : Same functions as M5L27256 



Fig.l Pin connection in EPROM mode (42-pin model) 
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Caz> 



CAq> 



NC 

-P1 4 /S, N /A 7 < 

- Plg/Tt/Ae- 

- P1 2 /T 0 /A 5 < 

P1 1 /A 4 - 
P1o- 
P2 7 /IN 7 < 
P2 6 /IN 6 - 
P2 5 /IN 5 < 
P2 4 /IN 4 " 
-P2 3 /IN 3 /A 3 - 
-P2 2 /IN 2 /A 2 < 
-P2 1 /IN 1 /A 1 - 
-P2 0 /IN 0 /Ao^ 

- V REF /CE- 

NC 



i ' i 

§ j|| V Si , w 
CO OIW ODD 

tni mi 

[i|[ii|[i4i^[ii|[iTi^HNR RR 



O 



O 



2 




CO 


CO 








-p^ 


-si 


-vj 






m 


m 


00 


-F^ 


>< 


i 

X 


X 


X 


X 


X 


n 


TI 


Tl 





o 



[I7j [I8][l9||20] |21||22| |23j |24] |25] |26] |27j |28j 
I t t t 



44] 

1^ 
£]~ 
40]-*-»- 

Ml"** 
38]-*-»- 



NC 

P0 4 /D 4 

PO3/D3 

P0 2 /D 2 

PO^Dt 

P0 o /D o 

P4 3 
P4 2 

P4 1 /A 14 — 
•PVA 13 — 
NC 

PSa/CNTR^Vpp — 
P3 2 /CNTR 0 /OE - 

PS^INiyA^ 

PSo/INTo/An 

NC 



' oz 



0- u 



V SS 



: Same functions as M5L27256 



Fig. 2 Pin connection in EPROM mode (56-pin model) 
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PROM READING AND WRITING 
Reading 

To read the PROM, set the CE and OE pins to a "L" level. 
Input the address of the data (A 0 ~A 14 ) to be read and the 
data will be output to the I/O pins D 0 ~D 7 . The data I/O 
pins will be floating when either the CE or OE pin is in the 
"H" state. 

Writing 

To write to the PROM, set the OE pin to a "H" level. The 
CPU will enter the program mode when V PP is applied to 
the V PP pin. The address to be written to is selected with 
pins A 0 ~A 14 , and the data to be written is input to pins D 0 
~D 7 . Set the CE pin to a "L" level to begin writing. 

Notes on Writing 

• M37471 E4-XXXSP/FP 

When using a PROM writer, the address range should be 
between 6000 16 and 7FFF 16 . Read/write operations on 
addresses 0000 16 to 5FFF 16 cannot be performed correctly. 

• M37471 E8-XXXSP/FP, M37471E8SS 

When using a PROM writer, the address range should be 
between 4000 16 and 7FFF 16 . When data is written between 
addresses 0000 16 and 7FFF 16 , fill addresses 0000 16 to 
3FFF 16 with FF 16 . 

Erasing 

Data can only erased on the M37471E8SS ceramic pack- 
age, which includes a window. To erase data on this chip, 
use an ultraviolet light source with a 2537 Angstrom wave 
length. The minimum radiation power necessary for erasing 
is 15W • s/cm 2 . 



NOTES ON HANDLING 

(1) Sunlight and fluorescent light contain wave lengths 
capable of erasing data. For ceramic package types, 
cover the transparent window with a seal (provided) 
when this chip is in use. However, this seal must not 
contact the lead pins. 

(2) Before erasing, the glass should be cleaned and stains 
such as finger prints should be removed thoroughly. If 
these stains are not removed, complete erasure of the 
data could be prevented. 

(3) Since a high voltage (12.5V) is used to write data, care 
should be taken when turning on the PROM writer's 
power. 

(4) For the programmable microcomputer (shipped in 
blank or OTP type) , Mitsubishi does not perform 
PROM write test and screening in the assembly pro- 
cess and following processes. To improve reliability af- 
ter write, performing write and test according to the 
flow below before use is recommended. 



Writing with PROM writer 

o 

Screening (Note) (Leave at 150°C for 40 hours) 
Verify test with PROM writer 

^L> 

Function check in target device 



Note : Since the screening temperature is higher than 
storage temperature, never expose to 150°C ex- 
ceeding 100 hours. 



Table 2. I/O signal in each mode 



~~ — Pm 

Mode - — ________ 


CE 


OE 


V P P 


V cc 


Data I/O 


Read-out 


V, L 


V.L 


Vcc 


Vcc 


Output 


Output disable 


V|L 


V, H 


Vcc 


Vcc 


Floating 


Programming 


V|L 


V| H 


v PP 


Vcc 


Input 


Programming verily 


V IH 


V, L 


v PP 


Vcc 


Output 


Program disable 


V, H 


V,H 


v PP 


Vcc 


Floating 



Note 1 '. V| L and V, H indicate a "L" and "H" input voltage, respectively 



4-79 



MITSUBISHI MICROCOMPUTERS 

M37471E4-XXXSP/FP 
M37471E8-XXXSP/FP,M37471E8SS 

PROM VERSION of M37471M4-XXXSP/FP,M37471M8-XXXSP/FP 



ABSOLUTE MAXIMUM RATINGS 



Symbol 


Parameter 


Conditions 


Ratings 


Unit 


Vcc 


Supply voltage 


With respect to V S s 
Output transistors are 
at "OFF" state 


-0. 3— 7 


V 


v, 


Input voltage X| N 


-0. 3~Vcc+0. 3 


V 


v, 


Input voltage P0 0 ~P0 7 , P1 0 ~P1 7 . P2 0 ~P2 7) 
P3 0 ~P3 3> P4 0 ~P4 3 , P5 0 ~P5 3 , 
V REF , RESET 


-0.3— V cc +0.3 
(Note 1) 


V 


Vo 


Output voltage P0 0 ~P0 7l P1 0 ~P17> P2 0 ~P2 7 , 
P4 D ~P4 3> Xout 


-0.3~Vcc+0.3 


V 


Pd 


Power dissipation 


T a = 25°C 


1000 (Note 2) 


mW 


Topr 


Operating temperature 




—20—85 


°C 


Tstg 


Storage temperature 




-40—150 


°C 



Note 1 : In EPROM programming mode, P3 3 is 13V 
2 : 500m W for QFP type 

RECOMMENDED OPERATING CONDITIONS 

(V cc =2. 7~5. 5V, V ss =AVss=0V, Ta=-20~85°C unless otherwise noted) 



Symbol 


Parameter 


Limits 


Unit 


Mm 


Typ' 


Max 


Vcc 


Supply voltage 


2.7 


5 


5.5 


V 


V ss 


Supply voltage 




0 




V 


AV SS 


Analog supply voltage 




0 




V 


V lH 


"H" Input voltage P0 0 ~P0 7 , P1 0 ~P17, P3 0 ~P3 3) 
RESET, X| N 


0. 8V CC 




Vcc 


V 


V IH 


"H" Input voltage P2 0 ~P2 7 , P4 0 ~P4 3 , P5 0 ~P5 3 (Note 1 ) 


0. 7V CC 




Vcc 


V 


V, L 


"L" Input voltage P0 o ~P0 7 , P1 0 ~P1 7 . P3 0 ~P3 3 


0 




0. 2V CC 


V 


V, u 


"L" Input voltage P2 0 ~P2 7) P4 0 ~P4 3 , P5 0 ~P5 3 (Note 1 ) 


0 




0. 25V CC 


V 


v IL 


"L" Input voltage RESET 


0 




0. 12V CC 


V 


v, L 


"L" Input voltage X| N 


0 




0. 16V CC 


V 


loH(sum) 


"H" sum output current P0 0 ~P0 7 , P4 0 ~P4 3 






-30 


mA 


'oH(sum) 


"H"sum output current P1 0 ~P17. P2 0 ~P2 7 






-30 


mA 


'oL(sum) 


"L"sum output current P0 0 ~P0 7 , P4 0 ~P4 3 






60 


mA 


'oL(sum) 


"L"sum output current P1 0 ~P17- P2 0 ~P2 7 






60 


mA 


'oL(peak) 


"L" peak output current P0 0 ~P0 7 , P1 0 ~P1 7 , 
P2 0 ~P2 7 , P4 0 ~P4 3 






20 


mA 


'oL(avg) 


"L" average output current POo~P0 7) P1 0 ~P1 7 ! 

P2 0 ~P2 7 , P4 0 ~P4 3 (Note 4) 






10 


mA 


'oH(peak) 


"H" peak output current P0 0 ~P0 7 , P1 0 ~P17, 
P2 0 ~P2 7 , P4 0 ~P4 3 






-10 


mA 


'oH(avg) 


"H" average output current P0 0 ~P0 7 , P1 0 ~P1 7 , 

P2 0 ~P2 7 , P4 0 ~P4 3 (Note 4) 






—5 


mA 


f(CNTR) 


Timer input frequency CNTR 0 (P3 2 ),CNTR 1 (P3 3 ) (Note 2) 






1 


MHz 


f(CLK) 


Serial I/O clock input frequency CLK (P1 6 ) (Note 2) 






1 


MHz 


f(x IN ) 


Clock oscillating frequency (Note 2) 






4 


MHz 


f(x CIN ) 


Clock oscillating frequency for clock function (Note 2, 3) 




32 


50 


kHz 



Note 1' : It is except to use P5 0 as X C | N 

2 : Oscillation frequency is at 50% duty cycle 

3 : When used in the low-speed mode, the clock oscillating frequency for clock function should be 

f(Xc, N )< f(X IN )/3 

4 : The average output current loH(avg) and 'oL(avg) are tne average value during a 100ms 
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ELECTRICAL CHARACTERISTICS (V CC =2.7~5.5V, V ss =0V, T a =-20~85°C, unless otherwise noted) 



Symbol 


Parameter 


Test Conditions 


Limits 


Unit 


Mm 


Typ 


Max 


Vqh 


"H" output voltage P0 0 ~PO 7 , P1 0 ~P17. P2 0 ~P2 3 , P4 0 ~P4 3 


V CC =5V, l 0H =-5mA 


3 






V 


Vcc=3V, l 0H =-1-5mA 


2 






Vol 


"L" output voltage P0 0 ~P0 7l P1 0 ~P17, P2 0 ~P2 3 , P4 0 ~P4 3 


V C c=5V, l OL =10mA 






2 


V 


V C c=3V, l 0L =3mA 






1 


v T +-v T - 


Hysteresis P0 0 ~P0 7 , P3 0 ~P3 3 


V CC =5V 




0.5 




V 


V CC =3V 




0.3 




V T +-V T _ 




V CC =5V 




0.5 




V 


Hysteresis RESET 


V CC =3V 




0.3 




V t +-V t - 


Hysteresis PVCLK 


use as CLK input 


V C c=5V 




0.5 




V 


V CC =3V 




0.3 




I.l 


"L" input current P0 0 ~P0 7 , P1o~P17, P3 0 ~P3 2l P4 0 ~P4 3 , 
P5 0 ~P5 3 


v,=ov, 

not use pull-up transistor 


V CC =5V 






—5 


juA 


V CC =3V 






-3 


V,=0V, 

use pull-up transistor 


V CC =5V 


-0. 25 


-0.5 


-1.0 


mA * 


V CC =3V 


-0. 08 


—0. 18 


-0. 35 


'iL 


"L" input current P3 3 


V,=0V 


V CC =5V 






-5 


/uA 


V CC =3V 






-3 


I.L 


"L" input current P2 0 ~P2 7 


V|=0V, not use as analog input, 
not use pull-up transistor 


V CC =5V 






—5 


juA 


V CC =3V 






-3 


Vi=0V, not use as analog input, 
use pull-up transistor 


V CC =5V 


-0. 25 


-0.5 


-1.0 


mA 


V CC =3V 


-0. 08 


—0. 18 


—0. 35 


I.L 




V,=0V 

(X| N is at stop mode) 


V CC =5V 






-5 


juA 


"L" input current RESET, X iN 


V CC =3V 






-3 


llH 


"H" input current P0 0 ~P0 7 , P1 0 ~P1 7 , P3 0 ~P3 2 , P4 0 ~P4 3 , 
P5 0 ~P5 3 


V|=V CC , 

not use pull-up transistor 


V CC =5V 






5 


/uA 


V CC =3V 






3 


l|H 


"H" input current P3 3 


V,=Vcc 


V CC =5V 






5 


/uA 


V CC =3V 






3 


llH 


"H" input current P2 0 ~P2 7 


V|=V C c, not use as analog input, 
not use pull-up transistor 


V CC =5V 






5 


juA 


V CC =3V 






3 






V|=V CC , 

(X| N is at stop mode) 


V CC =5V 






5 


juA 


"H" input current RESET, X| N 


V CC =3V 






3 


Ice 


Supply current 


At normal operation, 

A-D conversion is not executed 

X, N =4MHz 


V CC =5V 




3.5 


7 


mA 


V CC =3V 




1.8 


3.6 


At normal operation, 

A-D conversion is not executed 

X, N =4MHz 


V CC =5V 




A 


p 
o 


V CC =3V 




2 


4 


At low-speed mode, 
Xcout is low-power mode, 
A-D conversion is not executed 
X,n=0Hz, XciN=32kHz, T a =25°C 


V CC =5V 




30 


80 


juA 


V CC =3V 




15 


40 


At wait mode, 
X| N =4MHz 


V CC =5V 




1 


2 


mA 


V CC =3V 




0.5 


1 


At wait mode, X| N =0Hz, 
XciN=32kHz, Xcout is 
low-power mode, T a =25°C 


V CC =5V 




3 


12 


/uA 


V CC =3V 




2 


8 


Stop all oscillation 
V CC =5V 


T a =25°C 




0. 1 


1 


T a =85°C 




1 


10 


Vram 


RAM retention voltage 


Stop all oscillation 


2 






V 
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A-D CONVERTER CHARACTERISTICS (V CC =2.7~5.5V, V ss =0V, T a =-20~85°C, f(X IN )=4MHz, unless otherwise noted) 



Symbol 


Parameter 


Test Conditions 


Limits 




Mm 


Typ. 


Max 




Resolution 








8 


bits 




Non-linearity error 








±2 


LSB 




Differential non-linearity error 








±0.9 


LSB 


Vox 


Zero transition error 


Vcc=V REF =5.12V, l O L(sum)=0mA 






2 


LSB 


Vcc=V REF =3. 072V, l O L(sum)=0mA 






3 


V FST 


Full-scale transition error 


V C c=Vref=5.12V 






4 


LSB 


Vcc=Vr EF =3. 072V 






7 


tcONV 


Conversion time 








25 


MS 


VvREF 


Reference input voltage 




0. 5V CC 




Vcc 


V 


Rladder 


Ladder resistance value 




2 


5 


10 


kO 


V,a 


Analog input voltage 




0 




V REF 


V 
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MELPS 740 CPU CORE BASIC FUNCTIONS 

Each series of the MELPS 740 Family uses the standard 
MELPS 740 instruction set. The functions of the MELPS 740 
CPU core are explained below. The multiply and divide in- 
structions are not available in every microcomputer, and the 
clock control instructions differ in each microcomputer. For 
details, refer to the table of machine instruction or the func- 
tional explanation of each microcomputer. 

CENTRAL PROCESSING UNIT (CPU) INTERNAL 
REGISTERS 

The central processing unit (CPU) has the six registers. 

Accumulator (A) 

The accumulator is an 8-bit register. Data operations such 
as data transfer, etc., are executed mainly through the 
accumulator. 

Index register X (X), Index register Y (Y) 

Both index register X and index register Y are 8-bit regis- 
ters. In the index addressing modes, the value of the 
OPERAND is added to the contents of register X or register 
Y and specifies the real address. 

These index registers also have increment, decrement, 
comparison, and data transfer functions to allow these reg- 
isters to take some of the functions of the accumulator. 
When the T flag in the processor status register is set to 



"1", the value contained in index register X becomes the 
address for the second OPERAND. 

Stack pointer (S) 

The stack pointer is an 8-bit register used during sub- 
routine calls and interrupts. The stack is used to store the 
current address data and processor status when branching 
to subroutines or interrupt routines. 

The lower eight bits of the stack address are determined 
by the contents of the stack pointer. The upper eight bits of 
the stack address are determined by the Stack Page 
Selection Bit. If the Stack Page Selection Bit is "0", then 
the RAM in the zero page is used as the stack area. If the 
Stack Page Selection Bit is "1", then RAM in page 1 is 
used as the stack area. 

The Stack Page Selection Bit is located in the SFR area in 
the zero page. Note that the initial value of the Stack Page 
Selection Bit varies with each microcomputer type. Also 
some microcomputer types have no Stack Page Selection 
Bit and the upper eight bits of the stack address are fixed. 
The operations of pushing register contents onto the stack 
and popping them from the stack are shown in Fig. 2 

Program counter (PC) 

The program counter is a 16-bit counter consisting of two 
8-bit .registers PC H and PC L . It is used to indicate the 
address of the next instruction to be executed. 



PC H 



I X index Register X 

7 0 

[ Y ] index Register Y 

7 0 



PC L 



Stack Pointer 



Program Counter 



□DniEiiSS 



Processor Status Register (PS) 

- Carry Flag 

- Zero Flag 

- Interrupt Disable Flag 

- Decimal Mode Flag 

- Break Flag 

- Index X Mode Flag 

- Overflow Flag 

- Negative Flag 



Fig. 1 MELPS 740 CPU register structure 
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Store Return Address 
on Stack (Note 2) 



Restore Return 
Address 



On-going Routine 



Interrupt Request 
(Note 1) 



M (S) «-(PC H ) 
I 



(s)-(s-O 



M (S) «- (PC L ) 
I 



(s)-(s-D 



X 



Subroutine 



Execute RTS 
I 



(S)-(S+0 
I 



(PC U )-M(S) 
I 



(S)-(S+1) 

I 



(PCh)-M(S) 



x 



Execute JSR 
1 



M(S)«-(PC H ) 
I 



(s)-(s-O 



X 



M(S)-(PC L ) 



X 



(s)-(s-O 



X 



M (S) - (PS) 



(s)-(s-D 



Interrupt 
Service Routine 



Execute RTI 
I 



(S)-(S+1) 
I 



(PS)-M(S) 



X 



(S)-(S+1) 



X 



(PC L ) - M (S) 



X 



(S)-(S+1) 



(PC H ) — M (S) 



Store Return Address 
on Stack (Note 2) 



Store Contents of 
Processor Status 
Register on Stack 



I Flag "0" to "1 " 
Fetch the Jump 
Vector 



Restore Contents of 
Processor Status 
Register 



Restore Return 
Address 



Note 1 '. The condition to enable the interrupt-* Interrupt enable bit is "1" 

Interrupt disable flag is "0" 
2 : When an interrupt occurs, the address of the next instruction to be executed is stored in 
the stack area When a subroutine is called, the address one before the next instruction 
to be executed is stored in the stack area 



Fig. 2 Register push and pop at interrupt generation and subroutine call 
Table 1. Push and pop instructions of accumulator or processor status register 





Push instruction to stack 


Pop instruction from stack 


Accumulator 


PHA 


PLA 


Processor status register 


PHP 


PLP 
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Processor status register (PS) 

The processor status register is an 8-bit register consisting 
of flags which indicate the status of the processor after an 
arithmetic operation. Branch operations can be performed 
by testing the Carry (C) flag, Zero (Z) flag, Overflow (V) 
flag, or the Negative (N) flag. In decimal mode, the Z, V, N 
flags are not valid. 

After reset, the Interrupt disable (l) flag is set to "1", but all 
other flags are undefined. Since the Index X mode (T) and 
Decimal mode (D) flags directly affect arithmetic opera- 
tions, they should be initialized in the beginning of a 
program. 

(1) Carry flag (C) 

The C flag contains a carry or borrow generated by the 
arithmetic logic unit (ALU) immediately after an arith- 
metic operation. It can also be changed by a shift or 
rotate instruction. 

(2) Zero flag (Z) 

The Z flag is set if the result of an immediate arithme- 
tic operation or a data transfer is "0", and cleared if the 
result is anything other than "0". 

(3) Interrupt disable flag (I) 

The I flag disables all interrupts except for the interrupt 

generated by the BRK instruction. 

Interrupts are disabled when the I flag is "1". 

When an interrupt occurs, this flag is automatically set 

to "1" to prevent other interrupts from interfering until 

the current interrupt is serviced. 

(4) Decimal mode flag (D) 

The D flag determines whether additions and subtrac- 
tions are executed in binary or decimal. Binary arith- 
metic is executed when this flag is "0"; decimal arith- 
metic is executed when it is "1". Decimal correction is 
automatic in decimal mode. Only the ADC and SBC in- 
structions can be used for decimal arithmetic. 
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(5) Break flag (B) 

The B flag is used to indicate that the current interrupt 
was generated by the BRK instruction. The BRK flag in 
the processdr status register is always "0". When the 
BRK instruction is used to generate an interrupt, the 
processor status register is pushed onto the stack with 
the break flag set to "1". The saved processor status is 
the only place where the break flag is ever set. 

(6) Index X mode flag (T) 

When the T flag is "0", arithmetic operations are per- 
formed between accumulator and memory, e.g. the re- 
sults of an operation between two memory locations is 
stored in the accumulator. When the T flag is "1", direct 
arithmetic operations and direct data transfers are en- 
abled between memory locations, i.e. between memory 
and memory, memory and I/O, and I/O and I/O. In this 
case, the result of an arithmetic operation performed 
on data in memory location 1 and memory location 2 is 
stored in memory location 1. The address of memory 
location 1 is specified by index register X, and the 
address of memory location 2 is specified by normal 
addressing modes. 

(7) Overflow flag (V) 

The V flag is used during the addition or subtraction of 
one byte of signed data. It is set if the result exceeds 
+ 127 to —128. When the BIT instruction is executed, 
bit 6 of the memory location operated on by the BIT in- 
struction is stored in the overflow flag. 

(8) Negative flag (N) 

The N flag is set if the result of an arithmetic operation 
or data transfer is negative. When the BIT instruction is 
executed, bit 7 of the memory location operated on by 
the BIT instruction is stored in the negative flag 



Table 2. Set and clear instructions of each bit of processor status register 





C flag 


Zflag 


I flag 


D flag 


B flag 


Tflag 


V flag 


N flag 


Set instruction 


SEC 




SEI 


SED 




SET 






Clear instruction 


CLC 




CLI 


CLD 




CLT 


CLV 
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ADDRESSING MODE 

The MELPS 740 Family has 17 addressing modes and a 
powerful memory access capability. 

When extracting data required for arithmetic and logic op- 
erations from memory or when storing the results of such 
operations in memory, a memory address must be speci- 
fied. The specification of the memory address is called 
addressing. The MELPS 740 Family instructions can be 
classified as 1-byte, 2-byte, and 3-byte instructions. In 
each case, the first byte is known as the OPCODE which 
forms the basis of the instruction. A second or third byte is 
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called an OPERAND which affects the addressing. The 
contents of index registers X and Y can also effect the 
addressing. 

Although there are many addressing modes, there is always 
a particular memory location specified. What differs is 
whether the operand, the index register contents, or a com- 
bination of both should be used to specify the memory or 
jump destination. Based on these 3 types of instructions, 
the range of variation is increased and operation is en- 
hanced by combinations of the bit operation instructions, 
jump instruction, and arithmetic instructions. 



1-byte instruction 2-byte instruction 3-byte instruction 



Op code 



Op code 



Operand I 



Op code 



Operand I 



Operand II 



Index registers 



Fig. 3 Instruction byte configuration 
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Name 
Function 

Instructions 



Example 



: Immediate addressing mode 
: The OPERAND follows im- 
mediately after the OPCODE. 
ADC, AND, CMP, CPX, CPY, 
EOR, LDA, LDX, LDY, ORA, 
SBC 

: Mnemonic Machine code 
ADC #$A5 69 16 A5 16 



Memory 



A-A+C+ A5 n6 



OPCODE (69 16 ) 



OPERAND (A5 16 ) 



Name • Accumulator addressing mode 
Function ' The operation is performed on 

the accumulator. 
Instructions : ASL, DEC, INC, LSR, ROL, 

ROR 

Example '. Mnemonic Machine code 
ROL A 2A 16 



Bit 7 



BitO 



Carry flag 



Accumulator 
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Name • Zero page addressing mode 
Function : The operation is performed in 

zero page memory (00 16 to 

FF 16 ) 

Instructions : ADC, AND, ASL, BIT, CMP, 
COM, CPX, CPY, DEC, EOR, 
INC, LDA, LDM, LDX, LDY, 
LSR, ORA, ROL, ROR, RRF, 
SBC, STA, STX, STY, TST 

Example '. Mnemonic Machine code 
ADC $02 65 16 02 16 



Memory 



A-A + C+ | Data | - 





00 16 




02 16 ^| 




FF 16 






OPCODE (65 16 ) 




OPERAND (02 16 ) 











I 



Zero page 



Zero page 
specification 



Name 
Function 



Instructions 



Example 



: Zero page X addressing mode 
The operation is performed on 
the zero page memory location 
whose address is specified by 
adding the OPERAND to the 
contents of index register X. 
ADC, AND, ASL, CMP, DEC, 
DIV, EOR, INC, LDA, LDY, 
LSR, MUL, ORA, ROL, ROR, 
SBC, STA, STY 

: Mnemonic Machine code 
ADC $1E,X 75 16 1E 16 



Memory 



A^-A + C + | Data | — 



Data 



OPCODE (75 16 ) 



OPERAND (1E 16 ) 



00 16 

04 n6 
FF 16 



► Zero page 



Zero page X 
specification 



Contents of 
index register X 



E6 1( 



= 1 04 16 
i II — — 



Ignored 
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Name 
Function 



Instructions 
Example 



: Zero page Y addressing mode 
The operation is performed on 
the zero page memory location 
whose address is specified by 
adding the OPERAND to the 
contents of index register X. 

: LDX, STX 

i Mnemonic Machine code 
LDX $02,Y B6 16 02 16 



Memory 



Data 



Data 



OPCODE (B6 16 ) 



OPERAND (02 16 ) 



oo 16 



E8 16 <r 



Zero page 



Contents of 
index register Y 



+ E6 16 



Zero page Y 
specification 



E8 16 



Name : Absolute addressing mode 
Function : The operation is performed on 
the memory whose address is 
specified by first and second 
OPERAND. 

Instructions : ADC, AND, ASL, BIT, CMP, 
CPX, CPY, DEC, EOR, INC, 
JMP, JSR, LDA, LDX, LDY, 
LSR, ORA, ROL, ROR, SBC, 
STA, STX, STY 

Example : Mnemonic Machine code 
ADC SAD12 6D 16 12 16 AD 16 



Memory 



A*-A + C+ Data 



OPCODE (6D 16 ) 



OPERAND I (12 16 ) 



OPERAND II (AD 16 ) 



Data 



Absolute 
specification 



AD12 16 
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Name • Absolute X addressing mode 

Function '. The operation is performed on 
the memory location whose 
address is specified by adding 
the contents of index register X 
to the value indicated by the 
first and second OPERAND. 

Instructions : ADC, AND, ASL, CMP, DEC, 
EOR, INC, LDA, LDY, LSR, 
ORA, ROL, ROR, SBC, STA 

Example '. Mnemonic Machine code 
ADC $AD12,X 7D 16 12 16 AD 16 



Memory 



A<^A + C + Data 



OPCODE (7D 1e ) 



OPERAND I (12 16 ) 



OPERAND II (AD 16 ) 



Data 



Contents of 
index register X 



Absolute X 
specification 



AE00 1( 



Name ' Absolute Y addressing mode 

Function ! The operation is performed on 
the memory location whose 
address is specified by adding 
the contents of index register Y 
to the value indicated by the 
first and second OPERAND. 

Instructions : ADC, AND, CMP, EOR, LDA, 
LDX, ORA, SBC, STA 

Example ". Mnemonic Machine code 
ADC $AD12,Y 79 16 12 16 AD 16 



Memory 



OPCODE (79 ie ) 



OPERAND I (12 16 ) 



OPERAND II (AD 18 ) 



Contents of 
index register Y 



+ EE,. 



AE00 1( 



Absolute Y 
specification 



A-A+C+ 



Data 



Data 



AE00 1( 
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Name '. Implied addressing mode 

Function ' Implied addressing mode op- 
erations need no OPERAND. 

Instructions : BRK, CLC, CLD, CLI, CLT, 
CLV, DEX, DEY, FST, INX, INY, 
NOP, PHA, PHP, PLA, PLP, 
RTI, RTS, SEC, SED, SEI, SET, 
SLW, STP, TAX, TAY, TSX, 
TXA, TXS, TYA, WIT 

Example I Mnemonic Machine code 
CLC 18 16 



PS 



Carry flag reset 



Name 
Function 



Instructions 



Example 



Relative addressing mode 

: Conditionally jumps to the 
address produced by adding 
the Program Counter to the 
OPERAND. 

BCC, BCS, BEQ, BMI, BNE, 
BPL, BRA, BVC, BVS 

: Mnemonic Machine code 
BCC *-12 90 16 F2 16 



Jumps to * —12 address when 
carry flag(C) is cleared. 



Memory 



OPCODE to be 
executed next 



OPCODE (90 16 ) 



OPERAND (F2 16 ) 



*- 1 2 




*+2 



Proceed to next address when 
carry flag(C) is set. 



Memory 



OPCODE (90 16 ) 



OPERAND (F2 16 ) 



OPCODE to be 
executed next 



*+2 



A 
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Name : Indirect X addressing mode 
Function : The operation is performed on 
the memory location indicated 
by the contents of two con- 
secutive bytes in zero page 
memory whose first address is 
specified by adding the OPER- 
AND and the contents of index 
register X. 

Instructions : ADC, AND, CMP, EOR, LDA, 
ORA, SBC, STA 

Example : Mnemonic Machine code 
ADC ($1E,X) 61 16 1E 16 



Memory 



A-A + C+ Data 




Data I (00 16 ) 



DataE (14 16 ) 



OPCODE (61 16 ) 



OPERAND (1E 16 ) 



Data 



oo lt 



04„ 

05 16 



FF 1t 



► Zero page 



Zero page X 

indirect 

specification 



Contents of 
index register X 



E6 1( 



04 1( 



Ignored 



1400 16 



In this example, data I (00 16 ) and data II (14 16 ) have been 
stored beforehand. 



Name .' Indirect Y addressing mode 
Function '. The operation is performed on 
the memory location indicated 
by adding the contents of index 
register Y to the contents of 
two consecutive bytes in zero 
page memory whose first 
address is specified by the 
OPERAND. 

Instructions : ADC, AND, CMP, EOR, LDA, 
ORA, SBC, STA 

Example '. Mnemonic Machine code 
ADC ($1E),Y 71 16 1E 16 



Memory 



Zero page 
indirect 
specification 



A-A + C+ Data 



Data I (01 16 ) 



DataU (12 16 ) 



OPCODE (71 16 ) 



OPERAND (1E 16 ) 



Data 



00 16 ^ 



► Zero page 



FF 16 



1201 ie 


+ 


E6 16 




12E7 16 



Contents of 
index register Y 



Absolute Y specification 



12E7 16 



In this example, data I (01 16 ) and Data II (12 16 ) have been 
stored beforehand 
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Name '. Indirect absolute addressing 
mode 

Function : Jumps to the location specified 
by the contents of two consecu- 
tive bytes whose first address is 
specified by the first and 
second OPERAND. 

Instructions .' JMP 

Example '. Mnemonic Machine code 
JMP ($1400) 6C 16 00 16 14 16 



Indirect 
specification 



Memory 



OPCODE (6C 16 ) 



OPERAND I (00 16 ) 



OPERAND n (14 18 ) 



Data I (FF 16 ) 



Datall (1E 16 ) 



Address to be 

executed next 



Jump 



1400 




1EFF 1( 



In this example, FF 16 as data I and 1E 16 as data II have been 
stored beforehand. 



Name '• Zero page indirect absolute 
addressing mode 

Function .' Jumps to the location specified 
by the contents of two con- 
secutive bytes in zero page 
memory whose first address is 
specified by the OPERAND. 

Instructions : JMP, JSR 

Example : Mnemonic Machine code 
JMP ($05) B2 16 05 16 



Zero page 

indirect 

specification 



Memory 



Data I (FF 16 ) 



DataH (1E 16 ) 



OPCODE (B2 16 ) 



OPERAND (05 16 ) 



Address to be 

executed next 



:} 



FF 16 



Zero page 



Absolute 
specification 



, Jump 



1EFF 16 



In this example, FF 16 as data I and 1E 16 as data II have been 
stored beforehand. 
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Name 



Function 



Instructions 
Example 



: Zero page bit addressing 
mode 

: The operation is performed on 
the bit (specified by the three 
high order bits of the OPCODE) , 
on the zero page memory loca- 
tion specified by the OPERAND. 

: CLB, SEB 

'. Mnemonic Machine code 
CLB 5,S04 BF 16 04 16 



Memory 



Zero page 
specification 



Bit 5 



Bit 

specification 

I 

OPCODE 



1 0 1 


11111 


OPERAND (04 1B ) 



I 



oo 1( 



04 1( 



FF 16 



► Zero page 



Bit 5 



04 16 



Name ' Zero page bit relative address- 
ing mode 

Function : Conditionally jumps to the 
address specified by adding 
the second OPERAND to the 
program counter, depending on 
the bit (specified by the three 
higher order bits of the 
OPCODE) in the zero page 
memory location specified by 
the first OPERAND. 

Instructions : BBC, BBS 

Example *. Mnemonic Machine code 
BBC 5,$04,*-12 B7 16 04 16 F1 16 



Jump to * — 12 address when 
04 16 address bit 5 is cleared. 



Memory 



Bit 5 



Address to be 

executed next 



Bit 

specification 

OPCODE 



1 0 1 



10111 



OPERAND I(04 16 ) 



OPERAND n(F1 16 ) 



00 16 



04 1t 



FF 1e 



Advance to * +3 address when 
04 16 address bit 5 is set. 



Memory 



>> Zero page 



Zero page 
specification 




*+3 



Bit 5 



"Bit 

specification 
♦ 

OPCODE 



1 0 1 



10111 



OPERAND I (04 16 ) 



OPERAND H(F1 16 ) 



Address to be 

executed next 



00 16 



*+3 
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Name 



Function 



Instructions 
Example 



: Accumulator bit addressing 
mode 

: The operation is performed on 
the bit in the accumulator 
which is specified by the three 
high order bits of the OPCODE. 
There is no OPERAND. 
CLB, SEB 

'. Mnemonic Machine code 
CLB 5,A BB 16 



Bit 5 



Accumulator 



Memory 




11011 



OPCODE 



Accumulator 




Name i Accumulator bit relative ad- 
dressing mode 

Function Conditionally jumps to the 
address produced by adding 
the OPERAND to the program 
counter, depending on the bit 
in accumulator (specified by 
the high order three bits of the 
OPCODE). 

Instructions •' BBC, BBS 

Example '. Mnemonic Machine code 
BBC5,A,*-12 B3 16 F2 16 



When accumulator bit 5 is 
cleared 



Bit 5 

Accumulator j | 0 f" 



Jump to *— 12 address 
Memory 



Address to be 

executed next 



Bit 

specification 
t 

OPCODE 



101 



10011 



OPERAND (F2 16 ) 



*+2 




When accumulator bit 5 is set 



Accumulator 



Bit 5 

UL 



Jump to *+2 address 
Memory 



Bit 

specification 

OPCODE 



1 01 


10011 


OPERAND (F2 1e ) 


Address to be 




executed nest 



*+2 
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Name '• Special page addressing mode 
Function I Jumps to the specified address 
in the special page area. The 
lower eight bits are specified 
by the OPERAND and the up- 
per eight bits are defined by 
the special page (see Note 1). 
Instructions : JSR 

Example '. Mnemonic Machine code 
JSR \$FFEO 22 16 E0 16 

Note 1 ' Note that the special page is defined as-the highest address- 
able 256 bytes of any given microcomputer and may be 
"FF 16 ","1F 16 ", "2F 16 '\etc. 



Memory 




(Notel ) 
FFFF 16 



5-16 



MITSUBISHI MICROCOMPUTERS 

MEL PS 740 

SINGLE-CHIP 8-BIT CMOS MICROCOMPUTER 



LIST OF INSTRUCTION CODES 



D 3 ~D 0 


0000 


0001 


0010 


0011 


0100 


0101 


0110 


0111 


1000 


1001 


1010 


1011 


1100 


1101 


1110 


1111 


\Hexadecimal 
D 7 ~D 4 notation 


0 


1 


2 


3 


4 


5 


6 


7 


8 


9 


A 


B 


c 


D 


E 


F 


0000 


0 


BRK 


ORA 
IND, X 


JSR 
ZP, IND 


BBS 
0, A 




ORA 
ZP 


ASL 
ZP 




PHP 


ORA 
IMM 


ASL 
A 


SEB 
0, A 




: <30fljA 


, ASL- 
; , Afift " 


SEB 
0, ZP 


0001 


1 


BPL 


ORA 
IND, Y 


CLT 


BBC 
0, A 




ORA 
ZP, X 


ASL 
ZP, X 


.jfeBC - 


CLC 




DEC 
A 


CLB 
0, A 




, ORA:* 

AB&-X; 




CLB 
0, ZP 


0010 


2 


*' AC': 


AND 
IND,X 


JSR 
SP 


BBS 
1, A 


BIT 
ZP 


AND 
ZP 


ROL 
ZP 




PLP 


AND 
IMM 


ROL 
A 


SEB 
1, A 


BIT > 
• >ABS < 


;CAB^5 


"^AB85»; 


SEB 
1, ZP 


0011 


3 


BMI 


AND 
IND, Y 


SET 


BBC 
1, A 




AND 
ZP, X 


ROL 
ZP, X 




SEC 


A'Bfc Y 


INC 
A 


CLB 
1, A 


iDM 

\w > 






CLB 
1, ZP 


0100 


4 


RTI 


EOR 
IND, X 


STP 

(Note) 


BBS 

2, A 


COM 
ZP 


EOR 
ZP 


LSR 
ZP 


X ZP' 


PHA 


EOR 
IMM 


LSR 
A 


SEB 
2, A 


MP 


'■ -SOB 
"ABS". 




SEB 
2, ZP 


0101 


5 


BVC 


EOR 
IND, Y 




BBC 
2, A 




EOR 
ZP, X 


LSR 
ZP, X 




CLI 


; IsOR " 
ABS, Y 




CLB 
2, A 




ASS,X 


AiS,X 


CLB 
2, ZP 


0110 


6 


RTS 


ADC 
IND, X 


MUL 

(Note) 


BBS 

3, A 


TST 
ZP 


ADC 
ZP 


ROR 
ZP 


■ BBS 
"3,ZF 


PLA 


ADC 
IMM 


ROR 
A 


SEB 
3, A 


JMP 
IND 


ADC 
ASS 


ROR 
' AB8-, 


SEB 
3, ZP 


0111 


7 


BVS 


ADC 
IND, Y 




BBC 
3, A 




ADC 
ZP, X 


ROR 
ZP.X 


BBC • 
3, IP 


SEI 


ado. 

A88, Y 




CLB 
3, A 




ADC 
ABS, X 


TOR 
AB&X 


CLB 
3, ZP 


1000 


8 


BRA 


STA 
IND, X 


RRF 
ZP 


BBS 
4, A 


STY 
ZP 


STA 
ZP 


STX 
ZP 


BBS 


DEY 




TXA 


SEB 
4, A 


STY 

- ABS 


^jSTA : 


STX 
, ABS 


SEB 
4, ZP 


1001 


9 


BCC 


STA 
IND, Y 




BBC 
4, A 


STY 
ZP,X 


STA 
ZP.X 


STX 
ZP, Y 


BBC, 
AIP 


TYA 


STA 

abs;y 


TXS 


CLB 
4, A 




>-$TA - 
ABS,, X 




CLB 
4, ZP 


1010 


A 


LDY 
IMM 


LDA 
IND, X 


LDX 
IMM 


BBS 
5, A 


LDY 
ZP 


LDA 
ZP 


LDX 
ZP 


BBS 
8»2P 


TAY 


LDA 
IMM 


TAX 


SEB 
5, A 


- LDY ' 
" ABS,' 


LDA 
ASS-- 


Lt>X % 
- ABS 


SEB 
5, ZP 


1011 


B 


BCS 


LDA 
IND, Y 


JMP 
ZP, IND 


BBC 

5, A 


LDY 
ZP, X 


LDA 

ZP, X 


LDX 

ZP, Y 


BBC 
$,ZP 


CLV 


LDA 
ASS& Y 


TSX 


CLB 
5, A 


LDY 
AB8/X 


LDA 
'ABS, k 


LDX 
ASS, Y 


CLB 
5, ZP 


1100 


C 


CPY 
IMM 


CMP 
IND.X 


SLW X 
(Note) 
/WIT 


BBS 
6, A 


CPY 
ZP 


CMP 
ZP 


DEC 
ZP 


' BPS, 


INY 


CMP 
IMM 


DEX 


SEB 
6, A 


CPY, 
ABS' 


CMP 

' ABS 


DEC, 
ABS 


SEB 
6, ZP 


1101 


D 


BNE 


CMP 
1ND,Y 




BBC 

6, A 




CMP 

ZP, X 


DEC 
ZP, X 


'*;B8C 


CLD 


CMP 
ABS, Y 




CLB 
6, A 




CMP 
ABS.X- 


ABS,X 


CLB 
6, ZP 


1110 


E 


CPX 
IMM 


SBC 
IND,X 


FST X 
(Note) 
/DIV 


BBS 

7, A 


CPX 
ZP 


SBC 
ZP 


INC 
ZP 


BBS * 

?;zp 


INX 


SBC 
IMM 


NOP 


SEB 
7, A 


CPX 
ABS 


SBC 
ABS". 


INC 
AB*<. 


SEB 
7, ZP 


1111 


F 


BEG 


SBC 
IND.Y 




BBC 

7, A 




SBC 
ZP,X 


INC 
ZP, X 


BBC 
?,2P 


SED 


abs/y 




CLB 
7, A 




-sab.- 

ABS,X 


; . Hi' - 

AB&X 


CLB 
7, ZP 



Note Support of these instructions depends on the microcomputer type 



Instruction 


Supported in the following microcomputer types 


FST 
SLW 


M50740A-XXXSP, M50740ASP, 
M50741-XXXSP, M50752-XXXSP, 
M50757-XXXSP, M50758-XXXSP 


MUL 
DIV 


Series 7450, Series 38000, 

M37424M8-XXXSP, 

M37524M4-XXXSP 



Instruction 


Not supported in the following microcomputer types 


WIT 


M50740A-XXXSP, M50740ASP, 
M50741-XXXSP, M50752-XXXSP, 
M50757-XXXSP, M50758-XXXSP 


STP 


M50752-XXXSP, M50757-XXXSP, 
M50758-XXXSP, M37424M8-XXXSP, 
M37524M4-XXXSP 



[^f] 3-byte instruction 
[~~| 2-byte instruction 
| | 1-byte instruction 
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MACHINE INSTRUCTIONS 



Symbol 


Function 


Details 


Addressing mode 


IMP 


IMM 


A 


BIT.A 


ZP 


BIT.ZP 


OP 


n 




OP 


n 




OP 


n 




OP 


n 




OP 


n 




OP 


n 


# 


ADC 

(Note 1) 
(Note 6) 


When T=0 
A— A+M+C 

When T=1 

M (X) —M (X) +M+C 


Adds the carry, accumulator and memory con- 
tents The results are entered into the accumu- 
lator. 

Adds the contents of the memory in the 
address indicated by index register X, the con- 
tents of the memory specified by the addres- 
sing mode and the carry The results are en- 
tered into the memory at the address indicated 
by index register X 








69 


2 


2 














65 


3 


2 








AND 

(Notel) 


When T=0 
A— AAM 

When T=1 
M(X)—M(X) AM 


"AND's" the accumulator and memory contents. 
The results are entered into the accumulator 
"AND's" the contents of the memory of the address 
indicated by index register X and the contents of the 
memory specified by the addressing mode. The re- 
sults are entered into the memory at the address in- 
dicated by index register X 








29 


2 


2 














25 


3 


2 








ASL 


7 0 

C — 1 1 — 0 


Shifts the contents of accumulator or contents of 
memory one bit to the left The low order bit of 
the accumulator or memory is cleared and the 
high order bit is shifted into the carry flag 














OA 


2 


1 








06 


5 


2 








BBC 

(Note 4) 


Ab or Mb=0? 


Branches when the contents of the bit specified 
in the accumulator or memory is "0" 




















i 

2i 


4 


2 








V 7 

2i 


5 


3 


BBS 

(Note 4) 


Ab or Mb=1? 


Branches when the contents of the bit specified 
in the accumulator or memory is "1" 




















0 + 3 
2i 


4 


2 








°7 

2i 


5 


3 


BCC 

(Note 4) 


C=0? 


Branches when the contents of carry flag is "0" 






































BCS 

(Note 4) 


C=l? 


Branches when the contents of carry flag is "1 " 






































BEQ 

(Note 4) 


Z=1? 


Branches when the contents of zero flag is "1" 






































BIT 


A A M 


"AND's" the contents of accumulator and mem- 
ory The results are not entered anywhere 


























24 


3 


2 








BMI 

(Note 4) 


N = 1? 


Branches when the contents of negative flag is 
"1" 






































BNE 

(Note 4) 


Z=0? 


Branches when the contents of zero flag is "0" 






































BPL 

(Note 4) 


N=0? 


Branches when the contents of negative flag is 
"0" 






































BRA 


PC— PC ± offset 


Jumps to address specified by adding offset to 
the program counter 






































BRK 


B— 1 

M(S)— PC H 

S—S-l 

M(S)—PC L 

S-S-1 

M(S)— PS 

S—S-1 

PC L *-ADt_ 

PCh^ADh 


Executes a software interrupt 


00 


7 


1 
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Addressing mode 



ZP.X 



OP 

75 " 



ZP.Y 

OpI n I # 



ABS 



35 



6D 



OE 



2C 



ABS.X 
OP 



7D 



ABS.Y 



IND 
OP n # 



ZP.IND 

0P| n I # 



IND.X 
OP 



IND.Y 



OP 



79 



61 



39 



REL 

OpI n I # 



90 



30 



10 



SP 

0P| n I # 



Processor status register 
1 



M 7 



M 6 
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Symbol 


Function 


Details 


Addressing mode 


IMP 


IMM 


A 


BIT.A 


ZP 


BIT.ZP 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


BVC 

(Note 4) 


V=0? 


Branches when the contents of overflow flag is 
"0 " 






































BVS 

(Note 4) 


V=l? 


Branches when the contents of overflow flag is 
"1 " 






































CLB 


Ab or Mb*-0 


Clears the contents of the bit specified in the 
accumulator or memory to "0 " 




















2i 


2 


1 








2i 


5 


2 


CLC 


C*-0 


Clears the contents of the carry flag to "0 " 


18 


2 


1 
































CLD 


D— 0 


Clears the contents of decimal- mode flag to 
"0 " 


D8 


2 


1 
































CLI 


1—0 


Clears the contents of interrupt disable flag to 
"0 " 


58 


2 


1 
































CLT 


T— 0 


Clears the contents of index X mode flag to "0 " 


12 


2 


1 
































CLV 


V— 0 


Clears the contents overflow flag to "0 " 


B8 


2 


1 
































CMP 

(Note 3) 


When T=0 
A— M 
When T=1 
M (X) — M 


Compares the contents of accumulator and 
memory 

Compares the contents of the memory speci- 
fied by the addressing mode with the contents 
of the address indicated by index register X 








C9 


2 


2 














C5 


3 


2 








COM 


M*-M 


Forms a one's complement of the contents of 
memory, and stores it into memory 


























44 


5 


2 








CPX 


X-M 


Compares the contents of index register X and 
memory 








EO 


2 


2 














E4 


3 


2 








CPY 


Y— M 


Compares the contents of index register Y and 
memory 








CO 


2 


2 














C4 


3 


2 








DEC 


A—A— 1 or 
M*-M — 1 


Decrements the contents of the accumulator or 
memory by 1 














1A 


2 


1 








C6 


5 


2 








DEX 


X«-X — 1 


Decrements the contents of index register X by 
1 


CA 


2 


1 
































DEY 


Y*~y— 1 


Decrements the contents of index register Y by 
1 


88 


2 


1 
































DIV 

(Note 5) 


A— (M(zz+X+ 1 ), 
M (zzH-X) ) /A 
M (S) — 1's comple- 
ment of Remainder 
S— S— 1 


Divides the 16-bit data that is the contents of 
M(zz + x+1) for high byte and the contents of 
M (zz ~\~ x) for low byte by the accumulator 
Stores the quotient in the accumulator and the 
1's complement of the remainder on the stack 






































EOR 

(Note 1 ) 


When T=0 
A— AV-M 

When T=1 
M(X)— M(X)-V-M 


"Exclusive-ORs" the contents of accumulator 
and memory The results are stored in the 
accumulator 

"Exclusive-ORs" the contents of the memory 
specified by the addressing mode and the con- 
tents of the memory at the address indicated by 
index register X The results are stored into the 
memory at the address indicated by index reg- 
ister X 








49 


2 


2 














45 


3 


2 








FST 

(Note 5) 




Connects oscillator output to the X 0 utf pm 


E2 


2 


1 
































INC 


A— A+1 or 
M«— M+1 


Increments the contents of accumulator or 
memory by 1 














3A 


2 


1 








E6 


5 


2 








INX 


X— X+1 


Increments the contents of index register X by 
1 


E8 


2 


1 
































INY 


Y— Y+1 


Increments the contents of index register Y by 
1 


C8 


2 


1 
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Addressing mode 



ZP.X 

0P| n I # 



ZP.Y 
OP n # 



ABS 

OpI n I # 



D5 



D6 



E2 



16 



55 



F6 



CD 



EC 



CC 



ABS.X 

0P| n I # 



ABS.Y 

OpI n I # 



IND 

0P| n I # 



ZP.IND 

OpI n I # 



IND.X 
OP n # 



IND.Y 

OpI n I # 



SP 

OpI n I # 



50 



70 



D9 



C1 



DE 



5D 



59 



Processor status register 



A MITSUBISHI 
ELECTRIC 
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Addressing mode 


Symbol 


Function 


Details 


IMP 


IMM 


A 


BIT.A 


ZP 


BIT.ZP 








OP 


n 




OP 


n 


# 


OP 


n 




OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


JMP 


If addressing mode is ABS 
PC L <-AD L 
PCh^ADh 
If addressing mode is IND 
PC L ^-M(AD H , AD L ) 
PC H *-M(AD H , AD U +1) 
If addressing mode is ZP, IND 
PC L — M(00, AD L ) 
PC H *-M(00, AD U +1) 


Jumps to the specified address 






































JSR 


M(S)*-PC H 

s— s-i 

M(S)— PC U 
S— S-1 

After executing the above, 

if addressing mode is ABS, 

PC L — AD L 

PC H *-AD H 

If addressing mode is SP, 

PC L —AD,_ 

PC H *-FF 

If addressing mode is ZP, IND, 
PC L +—M (00, AD L ) 
PC H ^M(00, AD L +1) 


After storing contents of program counter in 
stack, and jumps to the specified address 






































LDA 

(Note 2) 


When T=0 
A*—M 
When T=1 
M(X) M 


Load accumulator with contents of memory 

Load memory indicated by index register X with 
contents of memory specified by the addres- 
sing mode 








A9 


2 


2 














A5 


3 


2 








LDM 


M*-hn 


Load memory with immediate value 


























3C 


4 


3 








LDX 




Load index register X with contents of memory 








A2 


2 


2 














A6 


3 


2 








LDY 


Y - * - M 


Load index register Y with contents of memory 








AO 


2 


2 














A4 


3 


2 








LSR 


7 0 
0^1 l-»c 


Shift the contents of accumulator or memory to 
the right by one bit 

The low order bit of accumulator or memory is 
stored in carry, 7th bit is cleared 














4A 


2 


1 








46 


5 


2 








MUL 

( Note 5) 


M(S)-A-AXM(zz+X) 
S*-S — 1 


Multiplies the accumulator with the contents of 
memory specified by the zero page X addres- 
sing mode and stores the high byte of the result 
on the stack and the low byte in the accumu- 
lator 






































NOP 


PC— PC+1 


No operation 


EA 


2 


1 
































ORA 

(Note 1 ) 


When T— 0 
A*-AVM 

When T=1 
M(X)«-M(X)VM 


"Logical OR's" the contents of memory and 
accumulator The result is stored in the accu- 
mulator 

"Logical OR's" the contents of memory indi- 
cated by index register X and contents of mem- 
ory specified by the addressing mode The re- 
sult is stored in the memory specified by index 
register X 








09 


2 


2 














05 


3 


2 
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Addressing mode 



ZP.X 
0P| n I # 



ZP.Y 

OpI n I # 



ABS 



B5 



56 



62 



15 



15 



OP 

4C 



20 



AE 



AC 



OD 



ABS.X 

0P| n I # 



ABS.Y 

0P| n I # 



IND 



6C 



ZP.IND 
OP n 



B2 



IND.X 

0P| n I # 



IND.Y 

0P| n I # 



REL 

0P| n I # 



SP 

OpI n I # 



02 



22 



BD 5 



B9 



BE 



1D 



19 



Processor status register 
1 



A MITSUBISHI 
ELECTRIC 
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Symbol 


Function 


Details 


Addressing mode 


IMP 


IMM 


A 


BIT.A 


ZP 


BIT.ZP 


OP 


n 


# 


OP 


n 


# 


OP 


n 




OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


PHA 


M(S)— A 
S— S-l 


Saves the contents of the accumulator in memory 
at the address indicated by the stack pointer and 
decrements the contents of stack pointer by 1 


48 


3 


1 
































PHP 


M(S)^-PS 
S«-S— 1 


Saves the contents of the processor status reg- 
ister in memory at the address indicated by the 
stack pointer and decrements the contents of 
the stack pointer by 1 


08 


3 


1 
































PLA 


S-S+1 
A<-M(S) 


Increments the contents of the stack pointer by 1 
and restores the accumulator from the memory at 
the address indicated by the stack pointer 


68 


4 


1 
































PLP 


S-S+1 
PS*-M (S) 


Increments the contents of stack pointer by 1 and 
restores the processor status register from the mem- 
ory at the address indicated by the stack pointer 


28 


4 


1 
































ROL 


7 0 

p-IZZh-tc]*--) 


Shifts the contents of the memory or accumula- 
tor to the left by one bit The high order bit is 
shifted into the carry flag and the carry flag is 
shifted into the low order bit 














2A 


2 


1 








26 


5 


2 








ROR 


7 0 


Shifts the contents of the memory or accumula- 
tor to the right by one bit The low order bit is 
shifted into the carry flag and the carry flag is 
shifted into the high order bit 














6A 


2 


1 








66 


5 


2 








RRF 


7 0 

r n i 


Rotates the contents of memory to the right by 4 
bits 


























82 


8 


2 








RTI 


S«-S+1 

PS*-M(S) 

S— S+1 

PC L *-M(S) 

S«-S-H 

PCh^-M(S) 


Returns from an interrupt routine to the main 
routine 


40 


6 


1 
































RTS 


s*-s+i 

PC L «-M(S) 
S— S+1 
PC H *-M(S) 


Returns from a subroutine to the main routine 


60 


6 


1 
































SBC 
(Note 1 ) 
(Note 6) 


When T— 0 
A«-A— M— C 

When T=1 
M(X)*-M(X)— M— C 


Subtracts the contents of memory and comple- 
ment of carry flag from the contents of accumula- 
tor The results are stored into the accumulator 
Subtracts contents of complement of carry flag 
and contents of the memory indicated by the 
addressing mode from the memory at the 
address indicated by index register X The re- 
sults are stored into the memory of the address 
indncated by index register X 








E9 


2 


2 














E5 


3 


2 








SEB 


Ab or Mb^1 


Sets the specified bit in the accumulator or 
memory to "1 " 




















2i 


2 


1 








2i 


5 


2 


SEC 


C— 1 


Sets the contents of the carry flag to "1 " 


38 


2 


1 
































SED 


D— 1 


Sets the contents of the decimal mode flag to 
"1 " 


F8 


2 


1 
































SEI 


1—1 


Sets the contents of the interrupt disable flag to 
"1 " 


78 


2 


1 
































SET 


T»-1 


Sets the contents of the index X mode flag to 
"1 " 


32 


2 


1 
































SLW 

(Note5) 




Disconnects the oscillator output from the Xoutf 
pin 


C2 


2 


1 
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Addressing mode 


Processor status register 


ZP.X 


ZP.Y 


ABS 


ABS.X 


ABS.Y 


IND 


ZP.IND 


IND.X 


IND.Y 


REL 


SP 


7 


6 


5 


4 


3 


2 


1 


0 


OP 


n 




OP 


n 


# 


OP 


n 




OP 


n 




OP 


n 




OP 


n 


# 


OP 


n 


# 


OP 


n 




OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


N 


V 


T 


B 


D 




Z 


c 








































































































































































































































N 












Z 






































































(\ 


alu 


3 sa 


ved 


in s 


ack 


) 




36 


6 


2 








2E 


6 


3 


3E 


7 


3 












































N 












z 


c 


76 


6 


2 








6E 


6 


3 


7E 


7 


3 












































N 












z 


c 






















































































































































(V 


alu< 


i sa 


»/ed 


in s 


ack 


) 






















































































F5 


4 


2 








ED 


4 


3 


FD 


5 


3 


F9 


5 


3 
















6 


2 


p-j 


6 


2 














N 


V 


• 


• 


• 


• 


z 


c 




































































































































































1 












































































1 




















































































1 












































































1 































































































5-25 



MITSUBISHI MICROCOMPUTERS 

MELPS 740 
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Symbol 


Function 


Details 


Addressing mode 


IMP 


IMM 


A 


BIT.A 


ZP 


BIT.ZP 


OP 


n 




OP 


n 


# 


OP 


n 


# 


OP 


n 


# 


OP 


n 




OP 


n 


# 


STA 


M—A 


Stores the contents of accumulator in memory 


























85 


4 


2 








STP 

(Note 5) 




Stops the oscillator 


42 


2 


1 
































STX 


M—X 


Stores the contents of index register X in 
memory 


























86 


4 


2 








STY 


M<-Y 


Stores the contents of index register Y in 
memory 


























84 


4 


2 








TAX 


X^-A 


Transfers the contents of the accumulator to in- 
dex register X 


AA 


2 


1 
































TAY 


Y— A 


Transfers the contents of the accumulator to in- 
dex register Y 


A8 


2 


1 
































TST 


M=0? 


Tests whether the contents of memory are "0" 
or not 


























64 


3 


2 








TSX 


X— S 


Transfers the contents of the stack pointer to in- 
dex register X 


BA 


2 


1 
































TXA 


A*-X 


Transfers the contents of index register X to the 
accumulator 


8A 


2 


1 
































TXS 


S— X 


Transfers the contents of index register X to the 
stack pointer 


9A 


2 


1 
































TYA 


A^Y 


Transfers the contents of index register Y to the 
accumulator 


98 


2 


1 
































WIT 

(Note 5) 




Stops the internal clock 


C2 


2 


1 

































Note 1 • The number of cycles "n" is increased by 3 when T is 1 

2 : The number of cycles "n" is increased by 2 when T is 1 

3 '. The number of cycles "n" is increased by 1 when T is 1 

4 '. The number of cycles "n" is increased by 2 when branching has occurred 

5 ' Support of these instructions depends on the microcomputer type 



Instruction 


Supported in the following microcomputer types 


FST 
SLW 


M 50740 A-XXXSP, M50740ASP, 
M50741-XXXSP, M50752-XXXSP, 
M50757-XXXSP, M50758-XXXSP 


MUL 
DIV 


Series 7450, Series 38000, 

M37424M8-XXXSP, 

M37524M4-XXXSP 




Instruction 


Not supported in the following microcomputer types 


WIT 


M50740A-XXXSP, M50740ASP, 
M50741-XXXSP, M50752-XXXSP, 
M50757-XXXSP, M50758-XXXSP 


STP 


M50752-XXXSP, M50757-XXXSP, 
M50758-XXXSP, M37424M8-XXXSP, 
M37524M4-XXXSP 



6 * N, V, and Z flags are invalid in decimal operation mode 
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Addressing mode 



Processor status register 



ZP.X 



ZP.Y 



IND 



ZP.IND 



IND.X 



IND.Y 



REL 



SP 



OP 



OP n # 



OP n # 



OP n # 



OP 



OP n # 



OP n # 



95 



8D 



9D 



96 



8E 



94 



8C 



Symbol 


Contents 


Symbol 


Contents 


IMP 


Implied addressing mode 


+ 


Addition 


IMM 


Immediate addressing mode 




Subtraction 


A 


Accumulator or Accumulator addressing mode 


A 


Logical OR 






V 


Logical AND 


BIT, A 


Accumulator bit relative addressing mode 




Logical exclusive OR 








Negation 


ZP 


Zero page addressing mode 




Shows direction of data flow 


BIT, ZP 


Zero page bit relative addressing mode 


X 


Index register X 






Y 


Index register Y 


ZP, X 


Zero page X addressing mode 


S 


Stack pointer 


ZP, Y 


Zero page Y addressing mode 


PC 


Program counter 


ABS 


Absolute addressing mode 


PS 


Processor status register 


ABS, X 


Absolute X addressing mode 


PC H 


8 high-order bits of program counter 


ABS, Y 


Absolute Y addressing mode 


pc l 


8 low-order bits of program counter 


IND 


Indirect absolute addressing mode 


AD H 


8 high-order bits of address 






AD L 


8 low-order bits of address 


ZP, IND 


Zero page indirect absolute addressing mode 


FF 


FF in Hexadecimal notation 






nn 


Immediate value 


IND, X 


Indirect X addressing mode 


M 


Memory specified by address designation of any 


IND, Y 


Indirect Y addressing mode 




addressing mode 


REL 


Relative addressing mode 


M (X) 


Memory of address indicated by contents of index 


SP 


Special page addressing mode 




register X 


C 


Carry flag 


M (S) 


Memory of address indicated by contents of stack 


Z 


Zero flag 




pointer 


1 


Interrupt disable flag 


* M(AD H , AD L ) 


Contents of memory at address indicated by AD H and 


D 


Decimal mode flag 




AD Ll in AD H is 8 high-order bits and AD L is 8 low- 


B 


Break flag 




order bits 


T 


X-modified arithmetic mode flag 


M(00, AD L ) 


Contents of address indicated by zero page AD L 


V 


Overflow flag 


A b 


1 bit of accumulator 


N 


Negative flag 


M b 


1 bit of memory 






OP 


Opcode 






n 


Number of cycles 






# 


Number of bytes 



AMTSUBISHI 
ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

MELPS 740 
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NOTES on USE 

Keep the following points in mind while programming. 

Processor status register 

(1) Initialization of processor status register 

After a reset, the contents of the processor status reg- 
ister (PS) are undefined except for the I flag which is 
"1". Therefore, flags which affect program execution 
must be initialized after a reset. 
In particular, it is essential to initialize the T and D 
flags because they have an important effect on calcula- 
tions. 

(2) How to reference the processor. status register 

To reference the contents of the processor status reg- 
ister (PS), execute the PHP instruction once then read 
the contents of (S+1). If necessary, execute the PLP 
instruction to return the PS to its original status. 
A NOP instruction should be executed after every PLP 
instruction. (The NOP in unnecessary when using a 
series 38000 microcomputer). 



^ Reset ^ 







| Flags Initializing | 



Mam Program 

r 



Initialization of Flags in PS 



s 

S+1 



Saved PS 



Stack Memory Contents after PHP Instruction Execution 



PLP Instruction 



NOP Instruction 
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Interrupts 

The contents of the interrupt request bits can be changed 
by software, but the values will not change immediately af- 
ter being overwritten. Therefore, note the following points: 

(1) After changing the value of the interrupt request bits, 
execute at least one instruction before executing a 
BBC, BBS, or any other read instruction. 

(2) When clearing an interrupt request bit to "0" and set- 
ting an interrupt enable bit to "1" ( = setting in an inter- 
rupt enable state), it needs to be cleared or set these 
bits in a separate instruction. The interrupt is accepted 
because it becomes in the interrupt enable state be- 
fore clearing the interrupt request bit, if clearing the in- 
terrupt request bit and setting the interrupt enable bit 
are performed in an instruction. 

BRK instruction 

(1) It can be detected that the BRK instruction interrupt 
event or the least priority interrupt event by referring 
the stored B flag state. Refer the stored B flag state in 
the interrupt routine, in this case. 

However, the microcomputer that has an independent 
BRK instruction interrupt vector (cf. the 7450 series, 
the 7470 series, and the 38000 series) are not neces- 
sary this detection. 

(2) The CPU of all 8-bit microcomputers except the 38000 
series have the following bug about the BRK instruction 
execution. 

At the following status, 
© the interrupt request bit has set to "1". 
® the interrupt enable bit has set to "1". 
(D the interrupt disable flag (I) has set to "1". 
if the BRK instruction is executed, the interrupt disable 
state is cancelled and it becomes in the interrupt en- 
able state. So that the requested interrupts (the inter- 
rupts that corresponding to their request bits have set 
to "1") are accepted. 



Switch the Interrupt Register Bit 



NOP Instruction 



BBC, or BBS Instruction 

_ ! 



Set in a 
separate 



Clear the Interrupt Request 
Bit to "0" 



Set the Interrupt Enable 
Bit to "1" 
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Decimal calculations 

(1) Execution of decimal calculations 

The ADC and SBC are the only instructions which will 
yield proper decimal results in decimal mode. To 
calculate in decimal notation, set the decimal mode 
flag (D) to "1" with the SED instruction. After executing 
the ADC or SBC instruction, execute another instruction 
before executing the SEC, CLC, or CLD instruction. 

(2) Note on flags in decimal mode 

When decimal mode is selected, the values of three of 
the flags in the status register (the N, V, and Z flags) 
are invalid after a ADC or SBC instruction is executed. 
The Carry flag (C) is set to "1".if a carry is generated 
as a result of the calculation, or is cleared to "0" if a 
borrow is generated. To determine whether a calcula- 
tion has generated a carry, the C flag must be initial- 
ized to "0" before each calculation. To check for a bor- 
row, the C flag must be initialized to "1" before each 
calculation. 



Set D Flag to "1" 



ADC or SBC Instruction 



NOP Instruction 



_J_ 



SEC, CLC, or CLD Instruction 



JMP instruction 

When using the JMP instruction in indirect addressing 
mode, do not specify the last address on a page as an in- 
direct address. 
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SERIES MELPS 740 MASK ROM 
ORDERING METHOD 

Mitsubishi Electric corp. accepts order to transfer EPROM 
supplied program data into the mask ROM in single-chip 8- 
bit microcomputers. 

When placing such order, please submit the information 
described below. 

(1) Mask ROM confirmation form 1 set 

(There is a specific form to be used for each model.) 

(2) Data to be written into mask ROM EPROM 

(Please provide three sets containing the identical 
data.) 

(3) Mark specification form 1 set 



(3) Calculation and indication of checksum code 

Please calculate the total number of data in words in 
the EPROM, and write the number in 4-digit hexade- 
cimal form in the checksum code field of the mask 
ROM confirmation form. 

(4) Options 

Refer to the appropriate data book entry and write the 
desired options on the mask ROM confirmation form 

(5) Mark specification method 

The permissible mark specifications differ depending 
on the shape of package. Please fill out the mark spe- 
cification form and attach it to the mask ROM confirma- 
tion form. 



NOTES 

(1) Acceptable EPROM type 

Any EPROM made by Mitsubishi that is listed in the 
mask ROM confirmation form may be used. 

(2) EPROM window labeling 

Please write the model name and the identification 
code (A, B, C) on the label for each of the three sets 
of data EPROMs provided. 



Example 




M50747 
-XXXSP 



Type 



- Identification 
code for each 
of three sets 



OUTLINE OF ORDER PROCESSING 

Mitsubishi will produce the mask ROM if at least two of the 
three EPROM sets submitted contain identical data. 
If we find error when the submitted EPROMs are com- 
pared, we will contact your representative 
Thus, we assume responsibility only when we produce the 
mask ROM that contain data other than the data correctly 
provided by the customer. 

Mitsubishi uses an automatic mask ROM design program to 
generated the following : 

1 . Drafting data for mask ROM production, 

2 . ROM code listing or EPROM for mask ROM production 

error check work, 
,3 . Mask ROM test program. 

The chart below shows the flow of mask ROM production 



SERIES MELPS 740 MASK ROM DEVELOPMENT CAD SYSTEM 



Mask ROM 
confirmation 
form 



Object program 
generation 



FROM CUSTOMER 



MITSUBISHI ELECTRIC 



EPROM 

(3 sets) 

f I II I I I I 





Error 

Tyes 



NO 



Mask ROM 
automatic 
design program 



EPROM 

Order mask 



a 

draftin 

I 



Mask drafting data 



□ 



Mask ROM test program 



I 



I 

1 

Acceptance 


1 process 

+ 




• Wafer 
test 

• Final 


Mask ROM 
manufacturinq 
process 


8= 


test 
• QA test 


« — r— 





AMITSUBISt 
ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH00-95A< 75B0 > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 



SINGLE-CHIP MICROCOMPUTER M37450M2-XXXSP/FP 
MITSUBISHI ELECTRIC 





Date : 




Section head 


Supervisor 


Q. 


signature 


signature 


© 






O 






0 






DC 







Note '. Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


Issuance 
signature 


Submitted by 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 



Microcomputer name 



□ M37450M2-XXXSP □ M37450M2-XXXFP 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type 



□ 2764 


□ 27128 


□ 27256 








0000 








////////// 


0000 










0000 




data 


1000 ~| 
4K 




////////// 


3000 - K 
3FFF — ' 




////////// 








data 






7000 JK 






1FFF J 






data 











Set "FF 16 " in the shaded area 



^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37450M2-XXXSP ; 80P6 for M37450M2-XXXFP) and attach to 
the mask ROM confirmation form. 

3 . Comments 
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SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH00-99A< 75B0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37450M4-XXXSP/FP 
MITSUBISHI ELECTRIC 



Mask ROM number 





Date .* 




Section head 


Supervisor 


Q. 


signature 


signature 


CD 






O 
CD 






DC 







Note 1 Please fill in all items marked^. 





Company 
name 


TEL 


jance 
nature 


Submitted by 


Supervisor 


Customer 


( ) 








Date 
issued 


Date *. 


CO O) 

* Jo- 







^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 



Microcomputer name 



□ M37450M4-XXXSP □ M37450M4-XXXFP 



Checksum code for entire EPROM 



EPROM type 



□ 2764 




oooo- 



1 FFF _ 



(hexadecimal notation) 



□ 27128 



0000 

2000 
3FFF- 



8K 



□ 27256 



data 



0000 



6000 ~§ K 
7FFF -S* 



Set "FF 16 " in the shaded area. 



j& 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37450M4-XXXSP ; 80P6 for M37450M4-XXXFP) and attach to 
the mask ROM confirmation form. 



^ 3 . Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES ME LPS 740 MASK ROM ORDERING METHOD 



GZZ-SH03-07A< 9YA0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37450M4TXXXSP/J 
MITSUBISHI ELECTRIC 



Mask ROM number 



Date : 


Section head 
signature 


Supervisor 
signature 







Note '. Please fill in all items marked^. 





Company 
name 


TEL 




Submitted by 


Supervisor 




( ) 


CD CD 






Custqmer 






CO CO 






Date 
issued 


Date : 


=3 C 
— CO 







^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 



Microcomputer name 



□ M37450M4TXXXSP □ M37450M4TXXXJ 



Checksum code for entire EPROM 



EPROM type 



□ 2764 




oooo- 



1FFF- 



□ 27128 



0000 




Set "FF 16 " in the shaded area. 



(hexadecimal notation) 



□ 27256 




0000 



6000- 
7FFF- 



8K 



^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37450M4TXXXSP ; 84P0 for M37450M4TXXXJ ) and attach to the 
mask ROM confirmation form. 



^ 3 . Comments 
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SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH01-OOA<76B0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37450M8-XXXSP/FP 
MITSUBISHI ELECTRIC 



Mask ROM number 





Date : 




Section head 


Supervisor 


Q. 


signature 


signature 


<D 






o 






<D 






QC 







Note : Please fill in all items marked >K 





Company 
name 


TEL 


uance 
nature 


Submitted by 


Supervisor 


Customer 


( ) 








Date 
issued 


Date : 


CO O) 

i2 w 







^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 

Microcomputer name : □ M37450M8-XXXSP □ M37450M8-XXXFP 



Checksum code for entire EPROM 



EPROM type 



□ 27128 




0000 



3FFF 



1 

16K 

J 



Set "FF 16 " in the shaded area 



(hexadecimal notation) 



□ 27256 



0000 

4000 

7FFF- 



16K 



^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37450M8-XXXSP ; 80P6 for M37450M8-XXXFP) and attach to 
the mask ROM confirmation form. 



^ 3 . Comments 



6-7 



MITSUBISHI MICROCOMPUTERS 

SERIES ME LPS 740 MASK ROM ORDERING METHOD 



GZZ-SH03-89A< OYAO > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37451 M4-XXXSP/FP/GP 
MITSUBISHI ELECTRIC 



Mask ROM number 





Date : 




Section head 


Supervisor 




signature 


signature 


Q. 

"o 






O 






CD 






QC 







Note : Please fill in all items marked^ 





Company 
name 


TEL 


jance 
lature 


Submitted by 


Supervisor 


Customer 


( ) 








Date 
issued 


Date : 


Issi 
sigr 







^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 

Microcomputer name : □ M37451 M4-XXXSP □ M37451 M4-XXXFP □ M37451 M4-XXXGP 



Checksum code for entire EPROM 



EPROM type 



(hexadecimal notation) 



□ 27128 



Address 
0000 16 



000F 16 
0010 16 



1FFF 1£ 
2000 1£ 



3FFF 16 



Area for ASCII 
codes of the name 
of the product 
'M37451M4-' 



ROM( 8 K) 



□ 27256 



Address 
0000! e 



000F 16 
0010 16 



5FFF ie 
6000! 6 



7FFF 16 



Area for ASCII 
codes of the name 
of the product 
'M37451M4-' 




□ 27512 



(1) Set "FF 16 " in the shaded area 

(2) Write the ASCII codes that indicates the name of 
the product 'M37451M4— ' to addresses 0000 16 to 
000F 16 . ASCII codes 'M37451M4 — ' are listed on 
the right. The addresses and data are in hexade- 
cimal notation. 



Address 
0000 1€ 



000F 16 
001 0 16 



DFFF 16 
E000 16 



Area for ASCII 
codes of the name 
of the product 
'M37451M4-' 




Address 




Address 




0000 16 


'M'=4 D 16 


0008! 6 


'-'=2D 16 


0001 16 


'3' = 3 3 16 


0009! 6 


F Fie 


0002 16 


'7'=3 7 16 


000Ai 6 


FF 16 


0003 16 


'4' = 3 4 1B 


000Bi 6 


FF 16 


0004! 6 


'5' = 3 5 16 


OOOCie 


FF 16 


0005! 6 


T = 3 1 16 


000Di 6 


FF 16 


0006 16 


•M' =4 D 16 


000Ei 6 


F F 16 


0007 16 


'4' = 3 4 ie 


000F 16 


F F i6 



6-1 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH03-89A< OYAO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37451 M4-XXXSP/FP/GP 
MITSUBISHI ELECTRIC 



Recommend to writing the following pseudo-command to the assembler source file : 



EPROM type 


27128 


27256 


27512 


The pseudo-command 


*=A$C000 
A.BYTEA 'M37451M4-' 


*=A$8000 
A.BYTEA 'M37451M4-' 


* = A $0000 
A.BYTEA 'M37451M4-' 



Note If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled Write the data correctly. 



^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37451 M4-XXXSP ; 80P6N for M37451 M4-XXXFP ; 80P6S for 
M37451M4-XXXGP) and attach to the mask ROM confirmation form. 

X 3 . Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES MEL PS 740 MASK ROM ORDERING METHOD 



GZZ-SH03-95A< OYAO > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37451 M4DXXXSP/FP 
MITSUBISHI ELECTRIC 



Mask ROM number 





Date : 




Section head 


Supervisor 


Q. 


signature 


signature 


'© 






O 






CD 






DC 







Note .' Please fill in all items marked-^. 



Customer 


Company 
name 


TEL 

( ) 


Issuance 
signature 


Submitted by 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 



Microcomputer name 



□ M37451 M4DXXXSP □ M37451 M4DXXXFP 



Checksum code for entire EPROM 



EPROM type 



(hexadecimal notation) 



(1) 
(2) 



□ 


27128 


□ 


27256 


□ 


27512 


Address 




Address 




Address 




0000 16 
000F 16 


Area for ASCII 
codes of the name 
of the product 
'M37451M4D' 




0000! s 
000F 16 


Area for ASCII 
codes of the name 
of the product 
'M37451M4D' 




0000! 6 

000F 16 


Area for ASCII 
codes of the name 
of the product 
'M37451M4D' 




001 0 16 






0010! 6 






0010 16 






1FFF 16 






5FFF 16 






DFFF 16 






2000 16 


ROM( 8 K) 




6000! 6 


ROM( 8 K) 




E000 16 


ROM( 8 K) 




3FFF 16 






7FFF 16 






FFFF 16 



















Set "FF 16 " in the shaded area. 


Address 








Address 




Write the ASCII codes that indicates the name of 


OOOO16 


'M' 




4D 16 


0008 16 


•D'=4 4 16 


the product 'M37451M4D' to addresses 0000i 6 to 


0001 16 


'3' 




3 3 16 


0009! 6 


FF 16 


000F 16 . ASCII codes 'M37451M4D' are listed on 


0002 16 


'7' 




3 7 ie 


000 A1 6 


FF 1fi 


the right. The addresses and data are in hexade- 


0003! 6 


'4' 




3 4 ie 


000B 16 


FF 16 


cimal notation. 


0004 16 


'5' 




3 5 16 


000C 16 


FF 16 




0005 16 


'1 ' 




3 1 ia 


000D 16 


FFie 




0006 16 


'M' 




4D ie 


000E 16 


FF 16 




0007 16 


'4' 




3 4 16 


000F 16 


FF 1fi 



c in ▼ MITSUBISHI 

6-10 '"'K ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MEL PS 740 MASK ROM ORDERING METHOD 



GZZ-SH03-95A< OYAO > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37451 M4DXXXSP/FP 
MITSUBISHI ELECTRIC 



Mask ROM number 



Recommend to writing the following pseudo-command to the assembler source file : 



EPROM type 


27128 


27256 


27512 


The pseudo-command 


*=A$C000 
A.BYTEA 'M37451M4D' 


*=A$8000 
A.BYTEA 'M37451M4D' 


* = A $0000 
A.BYTEA 'M37451M4D' 



Note 1 If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 



2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37451 M4DXXXSP ; 80P6N for M37451 M4DXXXFP) and attach to 
the mask ROM confirmation form. 

5& 3 . Comments 



A 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH03-57A< 06A0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37451 M8-XXXSP/FP/GP 
MITSUBISHI ELECTRIC 



Mask ROM number 





Date : 




Section head 


Supervisor 


Q. 


signature 


signature 


<5 






o 






<D 






DC 







Note '. Please fill in all items marked^ 



Customer 


Company 
name 


TEL 

( ) 


Issuance 
signature 


Submitted by 


Supervisor 






Date 
issued 


Date : 



% 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 



Microcomputer name : 



□ M37451M8-XXXSP □ M37451 M8-XXXFP □ M37451 M8-XXXGP 



Checksum code for entire EPROM 



EPROM type 



□ 27256 


□ 27512 


Address 






Address 






0000! 6 

000F 16 


Area for ASCII 
codes of the name 
of the product 
'M37451M8-' 




0000! 6 

000F 16 


Area for ASCII 
codes of the name 
of the product 
'M37451M8- 




001 0 16 






001 0 16 






3FFF 16 






BFFF 16 






4000! 6 


ROM(16K) 




C000 16 


R0M(16K) 




7FFF 16 






FFFF 16 



















(1) Set "FF 16 " in the shaded area. 

(2) Write the ASCII codes that indicates the name of 
the product 'M37451M8— ' to addresses 0000 16 to 
000F 16 . ASCII codes 'M37451M8 — ' are listed on 
the right. The addresses and data are in hexade- 
cimal notation. 



(hexadecimal notation) 



Address 




Address 




0000 16 


'M' =4 D 16 


0008 16 


'-' = 2D 1fi 


0001 16 


'3' =3 3 16 


0009i 6 


FF 16 


0002 16 


'7' =3 7 16 


000A 16 


FF 16 


0003 16 


*4' = 3 4 16 


000B 16 


FF 16 


0004 16 


'5' =3 5 16 


000C 16 


FF 1fi 


0005 16 


'1'=3 1 16 


000D 16 


FF 16 


0006 16 


'M' =4 D 16 


000E 16 


FF 16 


0007 16 


'8' =3 8 1fi 


000F 16 


F F 16 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH03-57A< 06A0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37451 M8-XXXSP/FP/GP 
MITSUBISHI ELECTRIC 



Mask ROM number 



Recommend to writing the following pseu do- command to the assembler source file : 



EPROM type 



27256 



27512 



The pseudo-command 



* = A $8000 
A.BYTEA 'M37451M8-' 



*=A$0000 
A.BYTEA 'M37451M8-' 



Note .* If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 

^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37451 M8-XXXSP ; 80P6N for M37451 M8-XXXFP ; 80P6S for 
M37451M8-XXXGP) and attach to the mask ROM confirmation form. 

^ 3 . Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH03-96A<0YA0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37451 M8DXXXSP/FP 
MITSUBISHI ELECTRIC 



Mask ROM number 



Q. 
0 



Date : 


Section head 
signature 


Supervisor 
signature 







Note ' Please fill in all items marked^ 



Customer 


Company 
name 


TEL 

( ) 


Issuance 
signature 


Submitted by 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 



Microcomputer name 



□ M37451 M8DXXXSP □ M37451 M8DXXXFP 



Checksum code for entire EPROM 



EPROM type 



□ 27256 


□ 27512 


Address 






Address 






0000! 6 

000F 16 


Area for ASCII 
codes of the name 
of the product 
'M37451M8D' 




0000! 6 

000 Ft 6 


Area for ASCII 
codes of the name 
of the product 
'M37451M8D' 




001 0 16 






001 0 16 






3FFF 16 






BFFF 16 






4000! 6 


R0M(16K) 




C000 16 


R0M(16K) 




7FFF 16 






FFFF 16 



















(hexadecimal notation) 



(1) Set "FF 1S " in the shaded area. 

(2) Write the ASCII codes that indicates the name of 
the product 'M37451M8D' to addresses 0000 16 to 
000F 16 . ASCII codes 'M37451M8D' are listed on 
the right. The addresses and data are in hexade- 
cimal notation. 



Address 








Address 




0000! 6 


'M' 




4D 16 


0008 16 


'D'=4 4 16 


0001 16 


'3' 




3 3 16 


0009! 6 


F F 16 


0002! 6 


'7' 




3 7 16 


000Ai 6 


FF 16 


0003! 6 


'4' 




3 4 16 


000Bi 6 


FF 16 


0004i 6 


'5' 




3 5 ie 


000C 16 


F F 16 


0005 16 


'1 ' 




3 U 


000D 16 


FF 16 


0006 16 


'M' 




4D 16 


000E 16 


FF 16 


0007 16 


'8' 




3 8 16 


000F 16 


FF 16 
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MITSUBISHI MICROCOMPUTERS 

SERIES ME LPS 740 MASK ROM ORDERING METHOD 



GZZ-SH03-96A< OYAO > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37451 M8DXXXSP/FP 
MITSUBISHI ELECTRIC 



Mask ROM number 



Recommend to writing the following pseudo-command to the assembler source file : 



EPROM type 



27256 



27512 



* = A $8000 



*=A$0000 



The pseudo-command 



A.BYTEA 'M37451M8D' 



A. BYTE A 'M37451M8D' 



Note ' If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 

X 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37451 M8DXXXSP ; 80P6N for M37451 M8DXXXFP) and attach to 
the mask ROM confirmation form. 

^ 3 . Comments 



A 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH03-91 A< OYAO > 

SERIES MELPS 740 MASK ROM CONFIRMATION FORM 



SINGLE-CHIP MICROCOMPUTER M37451 MC-XXXSP/FP/GP 
MITSUBISHI ELECTRIC 





Date : 




Section head 


Supervisor 


Q. 


signature 


signature 


CD 






O 
<D 






QC 







Note '. Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


Issuance 
signature 


Submitted by 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 

Microcomputer name : □ M37451 MC-XXXSP □ M37451 MC-XXXFP □ M37451 MC-XXXGP 



Checksum code for entire EPROM 



EPROM type 



□ 27256 


□ 27512 


Address 






Address 






0000 16 
000F 16 


Area for ASCII 
codes of the name 
of the product 
'M37451MC-' 




0000! 6 

000F 16 


Area for ASCII 
codes of the name 
of the product 
'M37451MC-' 




001 0 16 






0010 16 






1FFF 16 






9FFF 16 






2000! 6 


ROM(24K) 




A000 16 


ROM(24K) 




7FFF 16 






FFFF 16 



















(hexadecimal notation) 



(1) Set "FF 16 " in the shaded area. 

(2) Write the ASCII codes that indicates the name of 
the product 'M37451MC— ' to addresses 0000 16 to 
000F 16 . ASCII codes 'M37451MC-' are listed on 
the right. The addresses and data are in hexade- 
cimal notation. 



Address 




Address 




0000 16 


'M' = 4 D 1fi 


0008 16 


'-'=2D 16 


0001 16 


1 3 ' = 3 3 is 


0009! 6 


FF 16 


0002 16 


" 7 ■ — 3 7 ia 


000A 16 


FF 16 


0003 16 


'4'=3 4 16 


000B 16 


F F 16 


000^ 6 


'5'=3 5 16 


000C 16 


FF 16 


0005 16 


'1'=3 1 16 


000D 16 


FF 16 


0006 16 


'M'=4D 16 


000E 16 


F F 16 


0007 16 


'C'=4 3 1B 


000F 16 


FF 16 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES ME LPS 740 MASK ROM ORDERING METHOD 



GZZ-SH03-91 A< OYAO > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37451 MC-XXXSP/FP/GP 
MITSUBISHI ELECTRIC 



Mask ROM number 



Recommend to writing the following pseudo-command to the assembler source file : 



EPROM type 



27256 



27512 



The pseudo-command 



*=A$8000 
A.BYTEA 'M37451MC-' 



* = A $0000 
A BYTEA •M37451MC-' 



Note ' If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 

^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (64P4B for M37451 MC-XXXSP ; 80P6N for M37451 MC-XXXFP ; 80P6S for 
M37451 MC-XXXGP) and attach to the mask ROM confirmation form. 

j& 3 . Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES ME LPS 740 MASK ROM ORDERING METHOD 



GZZ-SH02-91 A< 9YA0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37470M2-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 





Date : 




Section head 


Supervisor 




signature 


signature 


CD 






O 






CD 






QC 







Note : Please fill in all items marked-^. 





Company 
name 


TEL 


jance 
i ature 


Submitted by 


Supervisor 


Customer 


( ) 








Date 
issued 


Date : 


— CO 







^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type 



□ 27128 


□ 27256 


□ 27512 


Address 
0000 16 

000F 16 






Address 

0000! 6 

000F 16 






Address 
0000 16 

000F 16 






Area for ASCII 
codes of the name 
of the product 
'M37470M2-' 




Area for ASCII 
codes of the name 
of the product 
'M37470M2-' 




Area for ASCII 
codes of the name 
of the product 
'M37470M2-' 




001 0 16 






0010 16 






0010 16 






2FFF 16 


//////////, 




6FFF 16 


//////////, 




EFFF 16 


'////////// 




3000! 6 


ROM( 4 K) 




7000 16 


ROM( 4 K) 




F000 16 


ROM( 4 K) 




3FFF 16 






7FFF 16 






FFFF 16 



















(1) Set "FF 16 " in the shaded area. 

(2) Write the ASCII codes that indicates the name of 
the product 'M37470M2— ' to addresses 0000 16 to 
000F 16 . ASCII codes 'M37470M2 — ' are listed on 
the right. The addresses and data are in hexade- 
cimal notation. 



Address 








Address 




0000 16 


'M' 






0008! 6 


'-'=2D 16 


0001 16 


'3' 




3 3 16 


0009ie 


FF 16 


0002 16 


'7' 




3 7 16 


000A 16 


F F 16 


0003i 6 


.4. 




3 4 ie 


000B 16 


FF 16 


0004ie 


'7' 




3 7 16 


000C 16 


FF 16 


0005i 6 


'0' 




3 0 16 


000D 16 


FF 16 


OOO616 


'M' 




4D 16 


000E 16 


FF 16 


0007 16 


'2' 




3 2 16 


000F 16 


FF 16 
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A MITSUBISHI 
ELECTRIC 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH02-91 A< 9YA0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37470M2-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 



Recommend to writing the following pseudo-command to the start address of the assembler source program. 



EPROM type 


27128 


27256 


27512 


The pseudo-command 


*=A$C000 
A.BYTEA 'M37470M2-' 


* = A $8000 
A.BYTEA 'M37470M2-' 


*=A$0000 
A.BYTEA 'M37470M2-' 



Note : If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 



^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (32P4B for M37470M2-XXXSP) and attach to the mask ROM confirmation 
form. 



^ 3 . Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH02-92A< 9YA0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37470M4-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 





Date : 




Section head 


Supervisor 


Q. 


signature 


signature 


0 






O 






0 






DC 







Note : Please fill in all items marked^ 





Company 
name 


TEL 


nee 
ture 


Submitted by 


Supervisor 




( ) 






Customer 






05 CO 
3 C 








Date 
issued 


Date : 


% 2> 
— (0 







^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type 



□ 27128 


□ 27256 


□ 27512 


Address 






Address 
0000 16 

000F 16 






Address 

0000! 6 

OO0F 16 






0000, 6 
000F 16 


Area for ASCII 
codes of the name 
of the product 
'M37470M4-' 




Area for ASCII 
codes of the name 
of the product 
'M37470M4- 




Area for ASCII 
codes of the name 
of the product 
'M37470M4-' 




001 Oie 






001 0 16 






001 0 16 






1FFF 16 


////////// 




5FFF 16 


'////////// 




DFFF 16 


Wllllll 




2000 16 


ROM( 8 K) 




6000 16 


ROM(8K) 




E000 16 


ROM( 8 K) 




3FFF 16 






7FFF 16 






FFFF 16 



















(1 ) Set "FF 16 " in the shaded area. 

(2) Write the ASCII codes that indicates the name of 
the product 'M37470M4--' to addresses 0000 16 to 
000F 16 . ASCII codes 'M37470M4 — ' are listed on 
the right. The addresses and data are in hexade- 
cimal notation. 



Address 








Address 




0000 16 


*M' 




4D 16 


0008i 6 


t -'=2D 16 


0001 ! 6 


'3' 




3 3 16 


0009i 6 , 


FF 16 


0002 16 


'7' 




3 7 16 


000A 16 


FF 16 


0003! 6 


'4' 




3 4 16 


000B 16 


FF 16 


0004! 6 


'7' 




3 7 16 


000C 16 


FF 16 


0005! 6 


'0' 




3 0 16 


000D 16 


FF 16 


0006! 6 


'M' 




4D 16 


000E 16 


FF ia 


0007ie 


'4' 




3 4 ie 


000F 16 


FF 16 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH02-92A< 9YA0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37470M4-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 



Recommend to writing the following pseudo-command to the start address of the assembler source program. 



EPROM type 


27128 


27256 


27512 


The pseudo-command 


*=A$C000 
A BYTEA 'M37470M4- 


*=A$8000 
A. BYTE A 'M37470M4-' 


* = A $0000 
A. BYTE A 'M37470M4-' 



Note If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 



^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (32P4B for M37470M4-XXXSP) and attach to the mask ROM confirmation 
form. 



^ 3 . Comments 
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GZZ-SH02-93A< 9YA0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37470M8-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 





Date : 




Section head 


Supervisor 


Ql 


signature 


signature 


<D 






O 






<D 






QC 







Note 1 Please fill in all items marked^. 





Company 
name 


TEL 




Submitted by 


Supervisor 


Customer 


( ) 


jance 
lature 








Date 
issued 


Date : 


Issi 
sigr 







^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the' 

EPROMs submitted. 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type 



□ 27256 


□ 27512 


Address 






Address 






0000, 6 
000F 16 


Area for ASCII 
codes of the name 
of the product 
'M37470M8-' 




0000, 6 
000F 16 


Area for ASCII 
codes of the name 
of the product 
'M37470M8-' 




001 0 16 


W/////I 




001 0 16 






3FFF 16 






BFFF 16 


//////////, 




4000! 6 


ROM(16K) 




C000 16 


ROM(16K) 




7FFF 16 






FFFF 16 



















(1 ) Set "FF 16 " in the shaded area. 

(2) Write the ASCII codes that indicates the name of 
the product 'M37470M8— ' to addresses 0000 16 to 
000F 16 . ASCII codes 'M37470M8 — ' are listed on 
the right. The addresses and data are in hexade- 
cimal notation. 



Address 




Address 




0000 16 


'M'=4 D 16 


0008 16 


'-'=2D 16 


0001 16 


'3' = 3 3 16 


0009 16 


FF 1fi 


0002! 6 


'7' = 3 7 16 


000 Ai 6 


F F 1fi 


0003i 6 


'4' = 34 16 


000B 16 


FF 16 


000^ 6 


'7' = 3 7 16 


000C 16 


F F 1fi 


0005! 6 


'0'=3 0 16 


000D 16 


FF ia 


0006! 6 


'M' = 4D 16 


000E 16 


FF ia 


0007 16 


'8' = 3 8 16 


000F 16 


FFie 
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MITSUBISHI MICROCOMPUTERS 

SERIES ME LPS 740 MASK ROM ORDERING METHOD 



GZZ-SH02-93A< 9YA0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37470M8-XXXSP 
MITSUBISHI ELECTRIC 



Mask ROM number 



Recommend to writing the following pseudo-command to the start address of the assembler source program. 



EPROM type 


27256 


27512 


The pseudo-command 


*=A$8000 
A BYTEA 'M37470M8-' 


*=A$0000 
A. BYTE A 'M37470M8-' 



Note '. If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 

^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (32P4B for M37470M8-XXXSP) and attach to the mask ROM confirmation 
form. 

^ 3 . Comments 



A MITSUBISHI 
ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH02-94A< 9YB0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37471 M2-XXXSP/FP 
MITSUBISHI ELECTRIC 



Mask ROM number 





Date : 




Section head 


Supervisor 


Q. 


signature 


signature 


CD 






O 






CD 






CE 







Note Please fill in all items marked^. 





Company 
name 


TEL 


lance 
lature 


Submitted by 


Supervisor 


Customer 


( ) 








Date 
issued 


Date : 


-» i_ 

— w 







1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 



Microcomputer name 



□ M37471 M2-XXXSP □ M37471 M2-XXXFP 



Checksum code for entire EPROM 



EPROM type 



(hexadecimal notation) 



□ 27128 


□ 27256 


□ 27512 


Address 






Address 

0000! 6 

000F 16 






Address 

0000! 6 

000F 16 






0000 16 
000F 16 


Area for ASCII 
codes of the name 
of the product 
'M37471M2— ' 




Area for ASCII 
codes of the name 
of the product 
'M37471M2-' 




Area for ASCII 
codes of the name 
of the product 
'M37471M2-' 




0010 16 






001 0 16 






001 0 16 






2FFF 16 


'////////// 




6FFF 16 






EFFF 16 


///////// 




30Q0 16 


ROM( 4 K) 




7000! 6 


ROM( 4 K) 




F000 16 


ROM( 4 K) 




3FFF 16 






7FFF 16 






FFFF 16 























(1 ) Set "FF 16 " in the shaded area. 

(2) Write the ASCII codes that indicates the name of 
the product 'M37471M2— ' to addresses 0000 16 to 
000F 16 . ASCII codes 'M37471M2 — ' are listed on 
the right. The addresses and data are in hexade- 
cimal notation. 



Address 








Address 




0000i 6 


'M' 




4D 16 


0008! 6 


'-' = 2D 16 


0001 16 


'3' 




3 3 16 


0009! 6 


F F 18 


0002 16 


*7' 




3 7 ie 


000A 16 


FF 16 


0003 16 


'4' 




3 4 16 


000B 16 


F F 1fi 


0004! 6 


'7' 




3 7 16 


000C 16 


FF 16 


0005! 6 


•1 ' 




3 lie 


000D 16 


FF 16 


0006 16 


'M' 




4D 16 


000E 16 


F F 1fi 


0007! 6 


'2' 




3 2 1C 


000F 16 


FF 16 
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GZZ-SH02-94A< 9YB0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37471 M2-XXXSP/FP 
MITSUBISHI ELECTRIC 



Mask ROM number 



Recommend to writing the following pseudo-command to the start address of the assembler source program. 



EPROM type 


27128 


27256 


27512 


The pseudo-command 


* = A$C000 
A.BYTEA 'M37471M2-' 


* = A $8000 
A. BYTE A 'M37471M2-' 


* = A $0000 
A. BYTE A 'M37471M2-' 



Note ' If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 



^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (42P4B for M37471 M2-XXXSP ; 56P6N for M37471 M2-XXXFP) and attach to 
the mask ROM confirmation form. 



^ 3 . Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES ME LPS 740 MASK ROM ORDERING METHOD 



GZZ-SH02-95A< 9YB0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37471 M4-XXXSP/FP 
MITSUBISHI ELECTRIC 



Mask ROM number 





Date : 




Section head 


Supervisor 


Q. 


signature 


signature 


CD 






O 






CD 






QC 







Note : Please fill in all items marked *>K. 





Company 
name 


TEL 


CD CD 

2a 


Submitted by 


Supervisor 




( ) 






Customer 






CO CO 








Date 
issued 


Date : 


3 C 

£ °> 
— w 







& 1 



. Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 



Microcomputer name : □ M37471M4-XXXSP □ M37471M4-XXXFP 



Checksum code for entire EPROM 



EPROM type 



(1) Set "FF 16 " in the shaded area. 

(2) Write the ASCII codes that indicates the name of 
the product 'M37471M4— ' to addresses 0000i 6 to 
000F 1€ . ASCII codes 'M37471M4 — ' are listed on 
the right. The addresses and data are in hexade- 
cimal notation. 



(hexadecimal notation) 



□ 27128 


□ 27256 


□ 27512 


Address 

0000! 6 

000F 16 






Address 

0000! 6 

000F 16 






Address 

0000! 6 

OOOFie 






Area for ASCII 
codes of the name 
of the product 
'M37471M4-' 




Area for ASCII 
codes of the name 
of the product 
'M37471M4-' 




Area for ASCII 
codes of the name 
of the product 
'M37471M4-' 




001 0 16 






001 0 16 






001 0i 6 


/////////J 




1FFF 16 


'{lllllllll 




5FFF 16 


(////////// 




DFFFi 6 






2000! 6 


ROM( 8 K) 




6000! 6 


ROM( 8 K) 




E000i 6 


ROM( 8K) 




3FFF 16 






7FFF 16 






FFFFi 6 





















Address 








Address 




OOOO16 


'M' 




4 D 16 


0008! 6 


'-'=2D 16 


0001 16 


'3' 




3 3 ie 


0009! 6 


FF 16 


0002 16 


'7' 




3 7 16 


000 ^ 6 


F F 16 


0003 16 


'4' 




3 4 16 


000B 16 


F F 16 


0004 16 


'7' 




3 7 16 


000Ci 6 


F F 16 


0005i 6 


'1 ' 




3 1 16 


000D 16 


F F 16 


0006i 6 


'M' 




4 D 16 


000E 16 


F F 16 


0007i 6 


•4' 




3 4 16 


000F 16 


F F 16 
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MITSUBISHI MICROCOMPUTERS 
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GZZ-SH02-95A< 9YB0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37471 M4-XXXSP/FP 
MITSUBISHI ELECTRIC 



Mask ROM number 



Recommend to writing the following pseudo-command to the start address of the assembler source program. 



EPROM type 


27128 


27256 


27512 


The pseudo-command 


*=A$C000 
A.BYTEA 'M37471M4-' 


* = A $8000 
A.BYTEA 'M37471M4-' 


*=A$0000 
A.BYTE^ 'M37471M4-' 



Note ' If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 



^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (42P4B for M37471 M4-XXXSP ; 56P6N for M37471 M4-XXXFP) and attach to 
the mask ROM confirmation form. 



3 . Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH02-96A< 9YB0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37471 M8-XXXSP/FP 
MITSUBISHI ELECTRIC 



Mask ROM number 



Receipt 


Date : 


Section head 
signature 


Supervisor 
signature 







Note '. Please fill in all items marked^ 



Customer 


Company 
name 


TEL 

( ) 


Issuance 
signature 


Submitted by 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 

Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based in 

this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 

differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 

EPROMs submitted. 



Microcomputer name 



□ M37471 M8-XXXSP □ M37471 M8-XXXFP 



Checksum code for entire EPROM 



EPROM type 



□ 27256 


□ 27512 


Address 

0000! 6 

0OOF 16 






Address 

0000! 6 

000F 16 






Area for ASCII 
codes of the name 
of the product 
'M37471M8-' 




Area for ASCII 
codes of the name 
of the product 
'M37471M8-' 




001 0 16 






0010 16 






3FFF 16 


//////////, 




BFFF 16 


//////////, 




4000 16 


ROM(16K) 




cooo 16 


ROM(16K) 




7FFF 16 






FFFF 16 

















(hexadecimal notation) 



(1 ) Set "FF 16 " in the shaded area. 

(2) Write the ASCII codes that indicates the name of 
the product 'M37471M8— ' to addresses 0000 16 to 
000F 16 . ASCII codes 'M37471M8 — ' are listed on 
the right. The addresses and data are in hexade- 
cimal notation. 



Address 








Address 




0000 16 


•M' 




4D 16 


0008 16 


'-'=2D 16 


0001 i 6 


'3' 




3 3 16 


0009i 6 


. FF 16 


0002 16 


'7' 




3 7 16 


000 A! 6 


FF 16 


0003! 6 


'4' 




3 4 ie 


000B 16 


FF 16 


0004! 6 


'7' 




3 7 18 


000C 16 


FF 16 


0005i 6 


'1 ' 




3 1 16 


000D 16 


FF 16 


0006 16 


'M' 




4D 16 


000E 16 


FF 16 


0007 16 


'8' 




3 8 16 


000F 16 


FF 16 
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MITSUBISHI MICROCOMPUTERS 

SERIES ME LPS 740 MASK ROM ORDERING METHOD 



GZZ-SH02-96A< 9YB0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37471 M8-XXXSP/FP 
MITSUBISHI ELECTRIC 



Mask ROM number 



Recommend to writing the following pseudo-command to the start address of the assembler source program. 



EPROM type 


27256 


27512 


The pseudo-command 


* = A $8000 
A.BYTEA 'M37471M8-' 


* = A $0000 
A.BYTEA 'M37471M8-' 



Note ' If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 

^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (42P4B for M37471 M8-XXXSP ; 56P6N for M37471 M8-XXXFP) and attach to 
the mask ROM confirmation form. 



3 . Comments 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH04-34A< 13A0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38002M2-XXXSP/FP 
MITSUBISHI ELECTRIC 



Mask ROM number 





Date : 




Section head 


Supervisor 




signature 


signature 


© 






O 






CD 






CC 







Note Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


Issuance 
signature 


Submitted by 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three EPROMs are required for each pattern. 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based on 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 



Microcomputer name 



□ M38002M2-XXXSP □ M38002M2-XXXFP 



Checksum code for entire EPROM 



EPROM type (indicate the type used) 



□ 27256 



EPROM address 
0000! , 




□ 27512 



EPROM address 
0000^ 



000F 16 
001 0 16 

E07F 16 
E080 16 

FFFD 16 
FFfE 16 
FFFF 16 



Product name 
ASCII code 
'M38002M2-' 




data 
ROM 8062 bytes 



(1) Set the data in the unused area (the shaded area 
of the diagram) to "FF 16 ". 

(2) The ASCII codes of the product name "M38002M2-" 
must be entered in addresses 0000 16 to 0008 16 . 
The ASCII codes and addresses are listed to the 
right in hexadecimal notation. 



(hexadecimal notation) 



In the address space of the microcomputer, the 
internal ROM area is from address E080 16 to 
FFFD 16 . The reset vector is stored in addresses 
FFFC 16 and FFFD 16 . 



Address 




Address 




0000 16 


'M' =4 D 16 


0008 16 


'-'=2D 16 


0001 16 


'3' =3 3 16 


0009 16 


F ie 


0002 16 


' 8 ' = 3 8 16 


000 ^ 6 


F F 1R 


0003 16 


'0' = H 16 


000B 16 


FF 16 


0004! 6 


'0' = 3 Oie 


0O0C 16 


FF 1fi 


0005! 6 


'2' = 3 2 16 


000D 16 


FF 16 


0006! 6 


'M' = 4D 16 


000E 16 


FF 16 


0007 16 


'2' = 3 2 16 


000F 16 


FF lfi 
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MITSUBISHI MICROCOMPUTERS 

SERIES ME LPS 740 MASK ROM ORDERING METHOD 



GZZ-SH04-34A<13A0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38002M2-XXXSP/FP 
MITSUBISHI ELECTRIC 



Mask ROM number 



We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 



EPROM type 


27256 


27512 


The pseudo-command 


*=A$8000 
.BYTEA 'M38002M2-' 


*=A$0000 
.BYTEA 'M38002M2-' 



Note ' If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. 

2 . Mark specification 

Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri- 
ate mark specification form (64P4B for M38002M2-XXXSP, 64P6N for M38002M2-XXXFP) and attach it to the 
mask ROM confirmation form. 

^ 3 . Delivery standard 

Choose the format of the specifications for the product to be delivered. 
(1 ) Specifications for each ROM 

□ ROM code list unnecessary (standard). 

□ ROM code list necessary. 

Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 
4 . Usage conditions 

Please answer the following questions about usage for use in our product inspection .' 
(1 ) How will you use the X| N -X 0 ut oscillator ? 

Ceramic resonator □ Quartz crystal 

□ External clock input □ Other ( ) 



At what frequency ' 



f(x lN )= 



MHz 



(2) In which operation mode will you use your microcomputer ? 

□ Single-chip mode □ Memory expansion mode 

□ Microprocessor mode 



^ 5 . Comments 
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GZZ-SH03-22A < 9YA0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38002M4-XXXSP/FP 
MITSUBISHI ELECTRIC 



Mask ROM number 



Date : 


Section head 
signature 


Supervisor 
signature 







Note Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


Issuance 
signature 


Submitted by 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three EPROMs are required for each pattern. 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based on 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 



Microcomputer name : □ M38002M4-XXXSP □ M38002M4-XXXFP 



Checksum code for entire EPROM 



(hexadecimal notation) 



□ 


27256 


□ 


27512 


EPROM address 


EPROM address 


0000! 6 


Product name 




0000! 6 


Product name 






ASCII code 






ASCII code 




000 F 1 6 


'M38002M4-' 




000F 16 


'M38002M4-' 




001 0-, 6 






001 0 16 






407F 16 






C07F 16 






4080 16 


data 




C080 16 


data 




7FFD 16 


ROM 16254 bytes 




FFFD 16 


ROM 16254 bytes 




7FFE 16 






FFFE 16 






7FFF 16 






FFFF 16 













(1) Set the data in the unused area (the shaded area 
of the diagram) to "FF 16 ". 

(2) The ASCII codes of the product name "M38002M4— " 
must be entered in addresses 0000i 6 to 0008i 6 - 
The ASCII codes and addresses are listed to the 
right in hexadecimal notation. 



In the address space of the microcomputer, the 
internal ROM area is from address C080 16 to 
FFFD 16 . The reset vector is stored in addresses 
FFFC 16 and FFFD 16 . 



Address 




Address 




0000 16 


'M' =4 D 16 


0008 16 


=2D 1fi 


0001 16 


'3' =3 3 16 


0009 16 




0002 16 


'8'=3 8 1fi 


000Ai 6 


FF 16 


0003! 6 


[ 0' =3 0i 6 


000Bi 6 


F F 16 


0004! 6 


'0' =3 0i 6 


OOOCie 


FF 16 


0005! 6 


'2' = 32 ia 


000Di 6 


F F 16 


0006! 6 


'M' = 4 D 16 


000E 16 


FF ia 


0007 16 


'4'=3 4 16 


000F 16 


F F 16 
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SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38002M4-XXXSP/FP 
MITSUBISHI ELECTRIC 



Mask ROM number 



We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 



EPROM type 


27256 


27512 


The pseudo-command 


* = A$8000 
.BYTEA 'M38002M4-' 


*=A$0000 
.BYTEA 'M38002M4-' 



Note I If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. 

X 2 . Mark specification 

Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri- 
ate mark specification form (64P4B for M38002M4-XXXSP, 64P6N for M38002M4-XXXFP) and attach it to the 
mask ROM confirmation form. 

jfc 3 . Delivery standard 

Choose the format of the specifications for the product to be delivered. 
(1) Specifications for each ROM 

□ ROM code list unnecessary (standard). 

□ ROM code list necessary. 

Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 

% 4 . Usage conditions 

Please answer the following questions about usage for use in our product inspection ! 
(1 ) How will you use the X| N -X 0 ut oscillator ? 



□ Ceramic resonator 

□ External clock input 

At what frequency ? 



□ Quartz crystal 

□ Other ( 



f(X IN ) = 



MHz 



(2) In which operation mode will you use your microcomputer? 

□ Single-chip mode □ Memory expansion mode 

□ Microprocessor mode 



X 5 . Comments 



6-33 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 
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SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38004M8-XXXSP/FP 
MITSUBISHI ELECTRIC 



Mask ROM number 





Date : 




Section head 


Supervisor 


Q. 


signature 


signature 


*o 






O 






CD 






rr 







Note : Please fill in all items marked^. 





Company 
name 


TEL 


uance 
ature 


Submitted by 


Supervisor 


Customer 


( ) 








Date 
issued 


Date : 


Issi 
sign 







^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three EPROMs are required for each pattern. 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based on 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 



Microcomputer name 



□ M38004M8-XXXSP □ M38004M8-XXXFP 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type (indicate the type used) 



□ 27512 


EPROM address 


0000 16 


Product name 






ASCII code 




000F 16 


'M38004M8-' 










001 0 16 


/^/^^^^^^^ 




807 F, 6 






8080! 6 


data 






ROM 32638 bytes 




FFFD 16 




FFFE 16 






FFFF 16 











In the address space of the microcomputer, the 
internal ROM area is from address 8080 16 to 
FFFD 16 . The reset vector is stored in addresses 
FFFC 16 and FFFD 16 . 



(1) Set the data in the unused area (the shaded area 
of the diagram) to "FF 16 ". 

(2) The ASCII codes of the product name "M38004M8— " 
must be entered in addresses 0000 16 to 0008i 6 . 
The ASCII codes and addresses are listed to the 
right in hexadecimal notation. 



Address 




Address 




OOOO16 


'M' =4 D 16 


0008 16 


'-'=2D 16 


0001 16 


'3' =3 3 16 


0009-, 6 


FF 16 


0002 16 


'8'=3 8 16 


000 Ai 6 


FF 16 


0003 16 


'0'=3 0 16 


000B 16 


FF 16 


0004 16 


'0'=3 0 16 


000Ci 6 


FF 16 


0005ie 


«4' = 3 4 16 


000D 16 


FF 16 


OOO616 


'M' =4 D 16 


000E 16 


FF 16 


0007 16 


'8' = 3 8 16 


OOOF-ie 


F F 16 
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Mask ROM number 



We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 



EPROM type 


27256 


27512 


The pseudo-command 


*=A$8000 
.BYTEA 'M38004M8-' 


*=A$0000 
.BYTEA •M38004M8-' 



Note ' If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. 

j& 2 . Mark specification 

Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri- 
ate mark specification form (64P4B for M38004M8-XXXSP, 64P6N for M38004M8-XXXFP) and attach it to the 
mask ROM confirmation form. 

$K 3 . Delivery standard 

Choose the format of the specifications for the product to be delivered. 
(1) Specifications for each ROM 

□ ROM code list unnecessary (standard). 

□ ROM code list necessary. 

Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 

^ 4 . Usage conditions 

Please answer the following questions about usage for use in our product inspection 
(1 ) How will you use the X| N -X 0 ut oscillator ? 



□ Ceramic resonator 

□ External clock input 

At what frequency ? 



□ Quartz crystal 

□ Other ( 



f(x IN )= 



MHz 



(2) In which operation mode will you use your microcomputer ? 

□ Single-chip mode □ Memory expansion mode 

□ Microprocessor mode 



^ 5 . Comments 
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Mask ROM number 





Date : 




Section head 
signature 


Supervisor 
signature 


Receip 







Note Please fill in all items marked^. 





Company 
name 


TEL 


nee 
:ure 


Submitted by 


Supervisor 




( ) 






Customer 














Date 
issued 


Date : 


Issi 
sigr 







^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three EPROMs are required for each pattern. 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based on 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 



Microcomputer name ' 



□ M38007M4-XXXSP □ M38007M4-XXXFP 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type (indicate the type used) 



□ 27256 


□ 27512 


EPROM address 


EPROM address 


0000! 6 

000F 16 


Product name 
ASCII code 
'M38007M4-' 




0000! 6 

000F 16 


Product name 
ASCII code 
'M38007M4-' 




001 0 16 






001 0 16 






407F 16 






C07F 16 






4080! 6 
7FFD 16 


data 
ROM 16254 bytes 




C080 16 
FFFD 16 


data 
ROM 16254 bytes 




7FFE 16 






FFFE 16 






7FFF 16 






FFFF 16 













(1) Set the data in the unused area (the shaded area 
of the diagram) to "FF 16 ". 

(2) The ASCII codes of the product name "M38007M4— " 
must be entered in addresses 0000i 6 to 0008 16 . 
The ASCII codes and addresses are listed to the 
right in hexadecimal notation. 



In the address space of the microcomputer, the 
internal ROM area is from address C080 16 to 
FFFD 16 . The reset vector is stored in addresses 
FFFC 16 and FFFD 16 . 



Address 




Address 




0000 16 


'M'=4D 16 


0008! 6 


'-'=2D 1fi 


0001 16 


'3' =3 3 16 


0009! 6 


F F 1fi 


0002 16 


'8'=3 8 16 


000 ^ 6 


FF 16 


0003i 6 


'0' =3 0 16 


000B 16 


FF 16 


0004! 6 


'0'=30 16 


000C 16 


FF 16 


0005 16 


'7'=3 7 16 


000D 16 


F F 16 


0006 16 


'M' =4 D 16 


000E 16 


FF 16 


0007 16 


'4'=3 4 16 


000F 16 


FF 16 
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Mask ROM number 



We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 



EPROM type 


27256 


27512 


The pseudo-command 


*=A$8000 
.BYTEA 'M38007M4-' 


* = A$0000 
.BYTE A 'M38007M4-' 



Note : If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. 

^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri- 
ate mark specification form (64P4B for M38007M4-XXXSP, 64P6N for M38007M4-XXXFP) and attach it to the 
mask ROM confirmation form. 

^ 3 . Delivery standard 

Choose the format of the specifications for the product to be delivered. 
(1 ) Specifications for each ROM 

□ ROM code list unnecessary (standard). 

□ ROM code list necessary. 

Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 

$6. 4 . Usage conditions 

Please answer the following questions about usage for use in our product inspection I 
(1 ) How will you use the X| N -X 0 ut oscillator ? 



□ Ceramic resonator 

□ External clock input 

At what frequency ? 



□ Quartz crystal 

□ Other ( 



f(X, N ) = 



MHz 



(2) In which operation mode will you use your microcomputer? 

□ Single-chip mode □ Memory expansion mode 

□ Microprocessor mode 



^ 5 . Comments 



6-37 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH03-63A< 07A0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
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Mask ROM number 





Date : 




Section head 


Supervisor 


Q. 


signature 


signature 


'<D 
O 






<D 






DC 







Note '. Please fill in all items marked^. 





Company 
name 


TEL 


nee 
ture 


Submitted by 


Supervisor 




( ) 






Customer 






CC CO 
13 c- 








Date 
issued 


Date : 


Iss 
sigi 







1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three EPROMs are required for each pattern. 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based on 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 



Microcomputer name 



□ M38062M3-XXXFP □ M38062M3-XXXGP 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type (indicate the type used) 



□ 27256 


□ 27512 


EPROM address 


EPROM address 


0000! 6 


Product name 




0000 16 


Product name 






ASCII code 






ASCII code 




000 F, 6 


'M38062M3-' 




000F 16 


'M38062M3-' 




001 0 16 






001 0 16 






507 6 






D07F 16 






5080 16 


data 




D080 16 


data 




7FFD 16 


ROM 12158 bytes 






ROM 12158 bytes 






FFFD 16 




7FFE 16 






FFFE 16 






7FFF 16 






FFFF 16 













(1) Set the data in the unused area (the shaded area 
of the diagram) to "FF 16 ". 

(2) The ASCII codes of the product name "M38062M3-" 
must be entered in addresses 0000i 6 to 0008 16 . 
The ASCII codes and addresses are listed to the 
right in hexadecimal notation. 



In the address space of the microcomputer, the 
internal ROM area is from address D080 16 to 
FFFD 16 . The reset vector is stored in addresses 
FFFC 16 and FFFD 16 . 



Address 






Address 




0000! 6 


'M' 


= 4D 16 


0008! 6 


'-'=2D 16 


0001 16 


'3' 


= 3 3 16 


0009! 6 


F F 16 


0002 16 


'8' = 3 8 16 


000A 16 


F F 16 


0003! 6 


'0' 


= 3 0 16 


000B 16 


F F 16 


0004! 6 


'6' 


= 3 6 16 


000C 16 


FF 16 


0005 16 


'2' 


= 3 2 16 


000D 16 


F F 16 


0006 16 


'M' 


= 4D 16 


000E 16 


F F 16 


0007 16 


'3' 


= 3 3 16 


000F 16 


F F 1B 
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Mask ROM number 



We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 



EPROM type 


27256 


27512 


The pseudo-command 


*=A$8000 
.BYTEA 'M38062M3-' 


*=A$0000 
.BYTEA 'M38062M3-' 



Note I If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. 

^ 2 . Mark specification 

Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri- 
ate mark specification form (80P6N for M38062M3-XXXFP, 80P6S for M38062M3-XXXGP) and attach it to the 
mask ROM confirmation form. 

^ 3 . Delivery standard 

Choose the format of the specifications for the product to be delivered. 
(1) Specifications for each ROM 

□ ROM code list unnecessary (standard). 

□ ROM code list necessary. 

Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 

^ 4 . Usage conditions 

Please answer the following questions about usage for use in our product inspection ! 
(1 ) How will you use the X| N -X 0 ut oscillator ? 



□ Ceramic resonator 

□ External clock input 

At what frequency ? 



□ Quartz crystal 

□ Other ( 



f(X, N ) = 



MHz 



(2) In which operation mode will you use your microcomputer? 

□ Single-chip mode □ Memory expansion mode 

□ Microprocessor mode 



^ 5 . Comments 
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Mask ROM number 



Date : 


Section head 
signature 


Supervisor 
signature 







Note : Please fill in all items marked-^. 





Company 
name 


TEL 


CD <D 

c = 


Submitted by 


Supervisor 




( ) 






Customer 














Date 
issued 


Date : 


Issi 
sigr 







1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three EPROMs are required for each pattern. 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based on 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 

Microcomputer name : □ M38063M6-XXXFP □ M38063M6-XXXGP 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type (indicate the type used) 



□ 27256 


□ 27512 


EPROM address 


EPROM address 


0000 16 


Product name 




0000 16 


Product name 






ASCII code 






ASCII code 




000F 16 


'M38063M6-' 




000F 16 


'M38063M6-' 




001 0 i6 






001 0ie 






207F 16 






A07F 16 






2080! 6 


data 




A080 16 


data 






ROM 24446 bytes 




FFFD 16 


ROM 24446 bytes 




7FFD 16 






7FFE 16 






FFFE 16 






7FFF 16 






FFFF 16 













(1) Set the data in the unused area (the shaded area 
of the diagram) to "FF 16 ". 

(2) The ASCII codes of the product name "M38063M6— " 
must be entered in addresses 0000 16 to 0008 16 . 
The ASCII codes and addresses are listed to the 
right in hexadecimal notation. 



In the address space of the microcomputer, the 
internal ROM area is from address A080 16 to 
FFFD 16 . The reset vector is stored in addresses 
FFFCie and FFFD 16 . 



Address 








Address 




0000 16 


'M' 




4 D l6 


0008 16 


'-' = 2D 16 


0001 16 


'3' 




3 3 16 


0009! 6 


FF 16 


0002 16 


'8' 




3 8 16 


000 A1 6 


FF 16 


0003 16 


*0' 




3 0 ie 


000B 16 


FF 16 


0004! 6 


'6' 




3 6 16 


000C 16 


F F 1fi 


0005! 6 


'3' 




3 3 16 


000D 16 


FF 16 


OOO616 


'M' 




4D 16 


000E 16 


FF 16 


0007 16 


'6' 




3 6 16 


000F 16 


FFie 
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Mask ROM number 



We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 



EPROM type 


27256 


27512 


The pseudo-command 


*=A$8000 
.BYTEA 'M38063M6-' 


*=A$fj000 
.BYTEA 'M38063M6-' 



Note ." If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. 

2 . Mark specification 

Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri- 
ate mark specification form (80P6N for M38063M6-XXXFP, 80P6S for M38063M6-XXXGP) and attach it to the 
mask ROM confirmation form. 

3 . Delivery standard 

Choose the format of the specifications for the product to be delivered. 
(1) Specifications for each ROM 

□ ROM code list unnecessary (standard). 

□ ROM code list necessary. 

Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 

^ 4 . Usage conditions 

Please answer the following questions about usage for use in our product inspection i 
(1 ) How will you use the X| N -X 0 ut oscillator ? 



□ Ceramic resonator 

□ External clock input 

At what frequency ? 



□ Quartz crystal 

□ Other ( 



f(x, N )= 



MHz 



(2) In which operation mode will you use your microcomputer? 

□ Single-chip mode □ Memory expansion mode 

□ Microprocessor mode 



^ 5 . Comments 



AMITSUBISh 
ELECTRIC 
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Mask ROM number 





Date : 




Section head 


Supervisor 


Q. 


signature 


signature 


'(D 






O 






(1) 






DC 







Note '. Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


Issuance 
signature 


Submitted by 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three EPROMs are required for each pattern. 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based on 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 



Microcomputer name 



□ M38102M5-XXXSP □ M38102M5-XXXFP 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type (indicate the type used) 



□ 


27256 


□ 


27512 


EPROM address 


EPROM address 


0000! 6 

000F 16 
001 0 16 


Product name 
ASCII code 
'M38102M5-' 




0000! 6 

000F 16 


Product name 
ASCII code 
'M38102M5-' 




RESMOD option 




001 0 16 


RESMOD option 




0011 16 






001 1 16 






307F 16 






B07F 16 
B080 16 

FFFD 16 
FFFE 16 






3080! 6 
7FFD 16 


data 

ROM 20350 bytes 




data 

ROM 20350 bytes 




7FFE 16 










7FFF 16 






FFFF 16 











(1) Set the data in the unused area (the shaded area 
of the diagram) to "FF 16 ". 

(2) The ASCII codes of the product name "M38102M5— " 
must be entered in addresses 0000 16 to 0008 16 . 
The ASCII codes and addresses are listed to the 
right in hexadecimal notation. 



In the address space of the microcomputer, the 
internal ROM area is from address B080i 6 to 
FFFD 16 . The reset vector is stored in addresses 
FFFC-I6 and FFFD 16 



Address 




Address 




OOOOie 


«M' =4 D 16 


0008 16 


'-' = 2 D 16 


0001 16 


«3' = 3 3 16 


0009 16 


FF 16 


0002! 6 


'8' =3 8 16 


000 Ai 6 


F F 16 


0003ie 


'1' = 3 U 


000B 16 


F F 16 


0004 16 


'0' = 3 0 16 


000C 16 


F F 16 


0005! 6 


'2'=3 2 16 


000D 16 


F F 16 


OOO616 


•M' = 4 D 16 


000E 16 


FF 16 


0007 16 


•5' = 3 5 16 


000F 16 


F F 16 
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Mask ROM number 



We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 



EPROM type 


27256 


27512 


The pseudo-command 


*=A$8000 
.BYTE A 'M38102M5-' 


* = A $0000 
.BYTE A 'M38102M5-' 



Note ' If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. 

^ 2 . Option specification (write the option data also to the specified address of the EPROM) 



Reset mode switching option 

□ Normal operation start mode 

□ Low-speed operation start mode 



01 1 



00i 6 



Address 001 0 16 



We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 



EPROM type 


27256 


27512 


Reset mode option 


*=A$8010 
.BYTEA $XX 


*=A$0010 
.BYTE ^ $XX 



Note ' If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. Write the data correctly. As for the option, if the contents of the confirmation and 
conflict with those of the EPROM, the contents of the EPROM are preferred. 

^ 3 . Mark specification 

Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri- 
ate mark specification form (64P4B for M38102M5-XXXSP, 64P6N for M38102M5-XXXFP) and attach it to the 
mask ROM confirmation form. 

^ 4 . Delivery standard 

Choose the format of the specifications for the product to be delivered. 
(1) Specifications for each ROM 

□ ROM code list unnecessary (standard). 

□ ROM code list necessary. 



Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 
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Mask ROM number 



^ 5 . Usage conditions 

Please answer the following questions about usage for use in our product inspection 
(1 ) How will you use the X, n -X 0 ut oscillator ? 



□ Ceramic resonator 

□ External clock input 

At what frequency ? f(X )N ) = 

(2) How will you use the X C in-Xcout oscillator ? 



□ Quartz crystal 

□ Other ( 



□ Ceramic resonator 

□ External clock input 

At what frequency ? 
^ 6 . Comments 



□ Quartz crystal 

□ Other ( 



f(X C i N ) = 



MHz 



kHz 



6-44 



MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH03-61A<07AO> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M381 03M6-XXXSP/FP 
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Mask ROM number 





Date : 




Section head 


Supervisor 




signature 


signature 


o. 
0 






o 






O 






cc 







Note .' Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


Issuance 
signature 


Submitted by 


Supervisor 






Date 
issued 


Date : 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three EPROMs are required for each pattern. 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based on 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 

Microcomputer name : □ M38103M6-XXXSP □ M38103M6-XXXFP 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type (indicate the type used) 



□ 


27256 


□ 


27512 


EPROM address 


EPROM address 


0000 16 


Product name 




0000! 6 


Product name 






ASCII code 






ASCII code 




000F 16 


'M38103M6-' 




000F 16 


'M38103M6-' 




001 0 16 


RESMOD option 




001 0 16 


RESMOD option 




001 1 16 






001 1 16 






207F 16 






A07F 16 






208^ 6 






A080 16 






data 




data 




7FFD 16 


ROM 24446 bytes 




FFFD 16 


ROM 24446 bytes 




7FFE 16 






FFFE 16 






7FFF 16 






FFFF 16 















(1 ) Set the data in the unused area (the shaded area 
of the diagram) to "FF 16 ". 

(2) The ASCII codes of the product name "M38103M6-" 
must be entered in addresses 0000 16 to 0008 16 . 
The ASCII codes and addresses are listed to the 
right in hexadecimal notation. 



In the address space of the microcomputer, the 
internal ROM area is from address A080 16 to 
FFFD 16 . The reset vector is stored in addresses 
FFFC 16 and FFFD 16 . 



Address 




Address 




0000! 6 


'M'=4D 16 


OOO816 


'-'=2D 16 


0001 i 6 


'3' =3 3 16 


0009 16 


FF 16 


0002 16 


'8' = 3 8 16 


000A 16 


F F 16 


0003! 6 


'1'=3 1 16 


000Bi 6 


FF 16 


0004! 6 


'0' = 3 0 16 


OOOCie 


FF 16 


0005i 6 


'3' = 3 3 16 


000D 16 


FF 16 


0006i 6 


'M' = 4 Di6 


000Ei 6 


FF 16 


0007i 6 


'6' = 3 6 16 


000Fi 6 


FF 16 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH03-61 A< 07 AO > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M381 03M6-XXXSP/FP 
MITSUBISHI ELECTRIC 



Mask ROM number 



We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 



EPROM type 


27256 


27512 


The pseudo-command 


*=A$8000 
.BYTEA 'M38103M6-' 


* = A$0000 
.BYTEA 'M38103M6-' 



Note ' If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. 

X 2 . Option specification (write the option data also to the specified address of the EPROM) 



Reset mode switching option 

□ Normal operation start mode 

□ Low-speed operation start mode 



01i 



00! 6 



Address 001 0 16 



We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 



EPROM type 


27256 


27512 


Reset mode option 


*=A$8010 
.BYTEA $XX 


*=A$0010 
.BYTEA $XX 



Note If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. Write the data correctly. As for the option, if the contents of the confirmation and 
conflict with those of the EPROM, the contents of the EPROM are preferred. 

X 3 . Mark specification 

Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri- 
ate mark specification form (64P4B for M38103M6-XXXSP, 64P6N for M38103M6-XXXFP) and attach it to the 
mask ROM confirmation form. 

4 . Delivery standard 
Choose. the format of the specifications for the product to be delivered. - 
(1 ) Specifications for each ROM 

□ ROM code list unnecessary (standard). 

□ ROM code list necessary. 



Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 



AMITSUBISt 
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MITSUBISHI MICROCOMPUTERS 

SERIES ME LPS 740 MASK ROM ORDERING METHOD 



GZZ-SH03-61 A< 07 AO > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M381 03M6-XXXSP/FP 
MITSUBISHI ELECTRIC 



Mask ROM number 



5 . Usage conditions 

Please answer the following questions about usage for use in our product inspection '. 
(1 ) How will you use the X| N -X 

out oscillator ? 

□ Ceramic resonator □ Quartz crystal 

□ External clock input □ Other ( ) 



At what frequency ' 



f(X IN ) = 



MHz 



(2) How will you use the X C in-Xcout osc "l ,ator ? 

□ Ceramic resonator □ Quartz crystal 

□ External clock input □ Other ( ) 



At what frequency ? 
6 . Comments 



f(X c , N ) = 



kHz 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH03-49A< 03A0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M381 12M4-XXXSP/FP 
MITSUBISHI ELECTRIC 



Mask ROM number 





Date I 


Q. 


Section head 
signature 


Supervisor 
signature 


"(D 
O 






CD 
CC 







Note '. Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


Issuance 
signature 


Submitted by 


Supervisor 






Date 
issued 


Date : 



% 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three EPROMs are required for each pattern. 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based on 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 



Microcomputer name 



□ M38112M4-XXXSP □ M381 12M4-XXXFP 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type (indicate the type used) 



□ 27256 


□ 27512 


EPROM address 


EPROM address 


0000 16 


Product name 




0000 16 


Product name 






ASCII code 






ASCII code 




000F 16 


'M38112M4-' 




O00F 16 


'M38112M4-' 




0010 16 


RESMOD option 




0010! 6 


RESMOD option 




001 1 16 






001 1 16 






407F 16 






C07F 16 






4080 16 






C080 16 






data 






data 




7FFD 16 


ROM 16254 bytes 




FFFD 16 


ROM 16254 bytes 




7FFE 16 






FFFE 16 






7FFF 16 






FFFF 16 













(1) Set the data in the unused area (the shaded area 
of the diagram) to "FF 16 ". 

(2) The ASCII codes of the product name "M38112M4— " 
must be entered in addresses 0000 16 to 0008 16 . 
The ASCII codes and addresses are listed to the 
right in hexadecimal notation. 



In the address space of the microcomputer, the 
internal ROM area is from address C080 16 to 
FFFD 16 . The reset vector is stored in addresses 
FFFC 16 and FFFD 16 . 



Address 




Address 




0000 16 


'M'=4D 16 


OOO816 


'-'=2D 16 


0001 16 


'3' = 3 3 16 


0009i 6 


F F 16 


0002 16 


'8' = 3 8 16 


000 A1 6 


FF 16 


0003! 6 


'T = 3 lie 


000Bi 6 


FF 16 


0004! 6 


T = 3 1 16 


OOOCie 


FF 16 


0005! 6 


'2' = 3 2 16 


000D 16 


FF 16 


0006! 6 


'M' = 4 D 16 


000E 16 


FF 16 


0007i 6 


'4'=3 4 16 


000F 16 


FF 16 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH03-49A< 03A0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M381 12M4-XXXSP/FP 
MITSUBISHI ELECTRIC 



Mask ROM number 



We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 



EPROM type 


27256 


27512 


The pseudo-command 


* = A $80 00 
.BYTEA 'M38112M4-' 


*=A$0000 
.BYTEA 'M38112M4-' 



Note ' If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. 

j& 2. Option specification (write the option data also to the specified address of the EPROM) 



Reset mode switching option 

□ Normal operation start mode 

□ Low-speed operation start mode 



0116 



00* 



Address 0010 16 



We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 



EPROM type 


27256 


27512 


Reset mode option 


*=A$8010 
.BYTEA $XX 


*=A$0010 
.BYTEA $XX 



Note ' If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. Write the data correctly. As for the option, if the contents of the confirmation and 
conflict with those of the EPROM, the contents of the EPROM are preferred. 

^ 3 . Mark specification 

Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri- 
ate mark specification form (64P4B for M381 1 2M4-XXXSP, 64P6N for M381 1 2M4-XXXFP) and attach it to the 
mask ROM confirmation form. 

$6 4 . Delivery standard 

Choose the format of the specifications for the product to be delivered. 
(1 ) Specifications for each ROM 

□ ROM code list unnecessary (standard). 

□ ROM code list necessary. 



Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 



6-49 



MITSUBISHI MICROCOMPUTERS 
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GZZ-SH03-49A< 03A0 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M381 1 2M4-XXXSP/FP 
MITSUBISHI ELECTRIC 



Mask ROM number 



5& 5 . Usage conditions 

Please answer the following questions about usage for use in our product inspection '. 
(1 ) How will you use the X| N -X 0 ut oscillator ? 

□ Ceramic resonator □ Quartz crystal 

□ External clock input □ Other ( ) 



At what frequency \ 



f(x, N )= 



MHz 



(2) How will you use the Xcin~Xcout oscillator? 

□ Ceramic resonator □ Quartz crystal 

□ External clock input □ Other ( 



At what frequency ? 
%i 6 . Comments 



f(X C i N ) = 



kHz 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH03-74A<09A1 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38173M6-XXXFP 
MITSUBISHI ELECTRIC 



Mask ROM number 





Date : 




Section head 


Supervisor 




signature 


signature 


Q. 

© 






O 






CD 






DC 







Note '. Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


Issuance 
signature 


Submitted by 


Supervisor 






Date 
issued 


Date '. 



1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three EPROMs are required for each pattern. 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based on 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type (indicate the type used) 



□ 27256 


C 


27512 


EPROM address 


EPROM address 


0000 16 


Product name 




0000! 6 


Product name 






ASCII code 






ASCII code 




000F 16 


'M38173M6-' 






'M38173M6-' 




001 0 16 


RESMOD option 




001 o 16 


RESMOD option 




001 1 16 






001 1 16 






207F 16 






A07F 16 






2080 16 






A080 16 






data 






data 




7FFD 16 


ROM 24446 bytes 






ROM 24446 bytes 






FFFD 16 




7FFE 16 






FFFE 16 






7FFF 16 






FFFF 16 







(1) Set the data in the unused area (the shaded area 
of the diagram) to "FF 16 ". 

(2) The ASCII codes of the product name "M38173M6— " 
must be entered in addresses 0000 16 to 0008 16 . 
The ASCII codes and addresses are listed to the 
right in hexadecimal notation. 



In the address space of the microcomputer, the 
internal ROM area is from address A080i 6 to 
FFFD 16 . The reset vector is stored in addresses 
FFFC 16 and FFFD 16 . 



Address 








Address 




0000 16 


'M' 




4D 16 


0008 16 


'-'=2D 16 


0001 16 


'3' 




3 3 16 


0009! 6 


FF 16 


0002 16 


'8' 




3 8 16 


000 Ai 6 


F F 1fi 


0003 16 


'1 ' 




3 1i 6 


000Bi 6 


FF 16 


0004! 6 


'7' 




3 7 ie 


OOOCie 


FF 16 


0005! 6 


'3' 




3 3 16 


000Di 6 


F F 16 


0006! 6 


'M' 




4 D 16 


000Ei 6 


FF 16 


0007! 6 


'6' 




3 8 ia 


000F 16 


F F i6 
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MITSUBISHI MICROCOMPUTERS 

SERIES ME LPS 740 MASK ROM ORDERING METHOD 



GZZ-SH03-74A< 09A1 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M381 73M6-XXXFP 
MITSUBISHI ELECTRIC 



Mask ROM number 



We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 



EPROM type 


27256 


27512 


The pseudo-command 


*=A$8000 
.BYTEA 'M38173M6-' 


*=A$0000 
.BYTEA 'M38173M6-' 



Note .' If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. 

^ 2 . Option specification (write the option data also to the specified address of the EPROM) 



Reset mode switching option 

□ Normal operation start mode 

□ Low-speed operation start mode 



01i6 



00, 6 



Address 001 0i 6 



We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 



EPROM type 


27256 


27512 


Reset mode option 


*=A$8010 
.BYTEA $XX 


*=A$0010 
.BYTEA $XX 



Note i If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. Write the data correctly. As for the option, if the contents of the confirmation and 
conflict with those of the' EPROM, the contents of the EPROM are preferred. 

^ 3 . Mark specification 

Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri- 
ate mark specification form (80P6N for M38173M6-XXXFP) and attach it to the mask ROM confirmation form. 

^ 4 . Delivery standard 

Choose the format of the specifications for the product to be delivered. 
(1) Specifications for each ROM 

□ ROM code list unnecessary (standard) 

□ ROM code list necessary. 



Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 
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MITSUBISHI MICROCOMPUTERS 

SERIES ME LPS 740 MASK ROM ORDERING METHOD 



GZZ-SH03-74A< 09A1 > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38173M6-XXXFP 
MITSUBISHI ELECTRIC 



Mask ROM number 



^ 5 . Usage conditions 

Please answer the following questions about usage for use in our product inspection : 
(1 ) How will you use the X| N -X 0 ut oscillator ? 

□ Ceramic resonator □ Quartz crystal 

□ External clock input □ Other ( ) 



At what frequency ? f(X, N ) = 

(2) How will you use the X C in-X C out oscillator? 



MHz 



□ Ceramic resonator 

□ External clock input 

At what frequency ? 
^ 6 . Comments 



□ Quartz crystal 

□ Other ( 



f(X C | N ) = 



kHz 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH04-03A< OYAO > 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38174M8-XXXFP 
MITSUBISHI ELECTRIC 



Mask ROM number 



Date : 


Section head 
signature 


Supervisor 
signature 







Note : Please fill in all items marked^. 



Customer 


Company 
name 


TEL 

( ) 


Issuance 
signature 


Submitted by 


Supervisor 






Date 
issued 


Date *. 



^ 1 . Confirmation 

Specify the name of the product being ordered and the type of EPROMs submitted. 
Three EPROMs are required for each pattern. 

If at least two of the three sets of EPROMs submitted contain identical data, we will produce masks based on 
this data. We shall assume the responsibility for errors only if the mask ROM data on the products we produce 
differs from this data. Thus, extreme care must be taken to verify the data in the submitted EPROMs. 



Checksum code for entire EPROM 



(hexadecimal notation) 



EPROM type (indicate the type used) 



□ 27512 


EPROM address 


0000 16 


Product name 






ASCII code 




000F 16 


'M38174M8-' 




001 0 16 


RESMOD option 




0011 16 






807F 16 






8080! 6 






data 




FFFD 16 


ROM 32638 bytes 




FFFE 16 






FFFF 16 







In the address space of the microcomputer, the 
internal ROM area is from address 8080 16 to 
FFFD 16 . The reset vector is stored in addresses 
FFFC 16 and FFFD 16 . 



(1) Set the data in the unused area (the shaded area 
of the diagram) to "FF 16 ". 

(2) The ASCII codes of the product name "M38174M8-" 
must be entered in addresses 0000 16 to 0008i 6 . 
The ASCII codes and addresses are listed to the 
right in hexadecimal notation. 



Address 




Address 




OOOOie 


'M' = 4 D 16 


OOO816 


'-' =2D 16 


0001 16 


'3' = 3 3 16 


0009ie 


F F 16 


0002 16 


'8' =3 8 16 


000A 16 


FF 16 


0003! 6 


'1 '=3 1 16 


000B 16 


FF 16 


0004! 6 


'7'=3 7 16 


OOOCie 


F F 16 


0005 16 


'4'=3 4 16 


000D 16 


F F 16 


0006 16 


'M' = 4 D 16 


000E 16 


F F 16 


0007 16 


'8' =3 8 16 


000F 16 


FF 16 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH04-03A<0YA0> 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38174M8-XXXFP 
MITSUBISHI ELECTRIC 



Mask ROM number 



We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 



EPROM type 


27256 


27512 


The pseudo-command 


* = A $8000 
.BYTE A 'M38174M8-' 


* = A $0000 
.BYTEA 'M38174M8-' 



Note If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be' processed. 

^ 2 . Option specification (write the option data also to the specified address of the EPROM) 



Reset mode switching option 

□ Normal operation start mode 

□ Low-speed operation start mode 



die 



00 16 



Address 0010 16 



We recommend the use of the following pseudo-command to set the start address of the assembler source 
program. 



EPROM type 


27256 


27512 


Reset mode option 


*=A$8010 
.BYTE A $XX 


*=A$0010 
.BYTE A $XX 



Note '. If the name of the product written to the EPROMs does not match the name of the mask confirmation form, the 
ROM will not be processed. Write the data correctly. As for the option, if the contents of the confirmation and 
conflict with those of the EPROM, the contents of the EPROM are preferred. 

X 3 . Mark specification 

Mark specification must be submitted using the correct form for the package being ordered. Fill out the appropri- 
ate mark specification form (80P6N for M38174M8-XXXFP) and attach it to the mask ROM confirmation form. 

^ 4 . Delivery standard 

Choose the format of the specifications for the product to be delivered. 
(1 ) Specifications for each ROM 

□ ROM code list unnecessary (standard). 

□ ROM code list necessary. 

Note that each format has the same scope of guarantee. Therefore, the standard format is recommended. 



MITSUBISHI 
l ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

SERIES MELPS 740 MASK ROM ORDERING METHOD 



GZZ-SH04-03A< OYAO > 

Mask ROM number 



SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M38174M8-XXXFP 
MITSUBISHI ELECTRIC 



^ 5 . Usage conditions 

Please answer the following questions about usage for use in our product inspection I 
(1 ) How will you use the X| N -X 0 ut oscillator ? 

□ Ceramic resonator □ Quartz crystal 

□ External clock input □ Other ( ) 



At what frequency ? f(X| N ) = 

(2) How will you use the X C in-Xcout oscillator ? 

□ Ceramic resonator □ Quartz crystal 

□ External clock input □ Other ( ) 

At what frequency ? KXcin) — 

% 6 . Comments 



MHz 



kHz 
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MITSUBISHI MICROCOMPUTERS 



MARK SPECIFICATION FORM 



MARK SPECIFICATION FORM 

The mark specification form varies depending on the pack- 
age type. Fill out the mark specification form for the pack- 
age being ordered, and submit the form with the mask 
ROM confirmation form. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



32P4B (32-PIN SHRINK DIP) MARK SPECIFICATION FORM 



Mitsubishi IC catalog name 



Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 



A. Standard Mitsubishi Mark 

® nnnnnnnnnnnnnnn 



Mitsubishi lot 
number (6-digit) 



(ID 



Mitsubishi IC catalog name 



® uuuuuuuuuuuuuuuu 



B. Customer's Parts Number + Mitsubishi Catalog Name 

@ nnnnnnnnnnnnnnnn ® 



Mitsubishi lot 
number (6-digit) 



Customer's parts number 
Note : The fonts and size of characters 
are standard Mitsubishi type. 

- Mitsubishi IC catalog name 



©uuuuuuuuuuuuuuuu® 

Notel : The mark field should be written right aligned. 

2 : The fonts and size of characters are standard Mitsubishi type. 

3 : Customer's parts number can be up to 16 characters ' 

Only 0~9, A~Z, +, — , /, (, ), &, ©, . (period), and , (comma) are usable. 

4 : If the Mitsubishi logo A is not required, check the box on the right. AMitsubishi logo is not required 



C. Special Mark Required 

@ nnnnnnnnnnnnn rucug © 




©uuuuuuuuuuuuuuuu 



Notel : If the special mark is to be printed, indicate the desired layout of the mark in the upper figure. The layout will 
be duplicated as close as possible. Mitsubishi lot number (6-digit) and mask ROM number (3-digit) are al- 
ways marked. 

2 : If the customer's trade mark logo must be used in the special mark, check the box below. Please submit a 
clean original of the logo. 

For the new special character fonts a clean font original (ideally logo drawing) must be submitted. 

Special logo required 



The standard Mitsubishi font is used for all characters except for a logo. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



42P4B (42-PIN SHRINK DIP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name 



Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

A. Standard Mitsubishi Mark 

© nnnnnnnnnnnnnnnnnnnnn © 



Mitsubishi lot 
number (6-digit) 



Mitsubishi IC catalog name 



©uuuuuuuuuuuuuuuuuuuuu 

B. Customer's Parts Number + Mitsubishi Catalog Name 

©nnnnnnnnnnnnnnnnnnnnn 































A 




Mitsubishi lot 
number (6-digit) 



- Customer's parts number 
Note : The fonts and size of characters 

are standard Mitsubishi type. 
Mitsubishi IC catalog name 



©UUUUUUUUUUUUUUUUUUUUU© 



Notel : The mark field should be written right aligned. 

2 : The fonts and size of characters are standard Mitsubishi type. 

3 : Customer's parts number can be up to 15 characters ' 

Only 0~9, A~Z, +, — , /, (, ), &, ©, . (period), and , (comma) are usable. 

4 : If the Mitsubishi logo A is not required, check the box on the right. AMitsubishi logo is not required 

C. Special Mark Required 

@n nnnnnnnnnnnnnnnnnnnnn 




©UUUUUUUUUUUUUUUUUUUUU 



Notel : If the special mark is to be printed, indicate the desired layout of the mark in the upper figure. The layout will 
be duplicated as close as possible. Mitsubishi lot number (6-digit) and mask ROM number (3-digit) are al- 
ways marked. 

2 : If the customer's trade mark logo must be used in the special mark, check the box below. Please submit a 
clean original of the logo. 

For the new special character fonts a clean font original (ideally logo drawing) must be submitted. 

Special logo required 

The standard Mitsubishi font is used for all characters except for a logo. 



AMITSUBISHI 
ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



44P6N (44-PIN QFP) MARK SPECIFICATION FORM 



Mitsubishi IC catalog name 



Piease choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

A. Standard Mitsubishi Mark 



Mitsubishi lot 
number (6-digit) 



r~ Mitsubishi IC catalog name 



B. Customer's Parts Number + Mitsubishi Catalog Name 




r ~- Customer's parts number 

I Note : The fonts and size of characters are standard 
Mitsubishi type. 

-Mitsubishi IC catalog name and Mitsubishi lot number 

Note4 : If the Mitsubishi logo A is not required, check 
the box below. 

A Mitsubishi logo is not required 



Notel : The mark field should be written right aligned. 

2 : The fonts and size of characters are standard 
Mitsubishi type. 

3 : Customer's parts number can be up to 7 charac- 
ters ' 

Only 0-9, A~Z, + , -, /, (, ), &, ©, . (period), 
and , (comma) are usable. 

C. Special Mark Required 



Notel 




If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 
If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 



The standard Mitsubishi font is used for all char- 
acters except for a logo. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



50P6 (50-PIN QFP) MARK SPECIFICATION FORM 



Mitsubishi IC catalog name 



Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

A. Standard Mitsubishi Mark 



Mitsubishi lot 
number (6-digit) 



Mitsubishi IC catalog name 



B. Customer's Parts Number + Mitsubishi 
Catalog Name 



Mitsubishi lot 
number (6-digit) 



© 



Customer's parts number 

Note : The fonts and size of characters are standard 
Mitsubishi type, 
i Mitsubishi IC catalog name 

Notel : The mark field should be written right aligned. 
2 : The fonts and size of characters are standard 

Mitsubishi type. 
3 : Customer's parts number can be up to 9 charac- 
ters '. 

Only 0-9, A~Z, +, -, /, (, ), &, ©, . (period), 
and , (comma) are usable. 
4 : If the Mitsubishi logo A is not required, check 
the box below. 

AMitsubishi logo is not required 



C. Special Mark Required 



Notel 



CD 



: If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 

: If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 



□ 



The standard Mitsubishi font is used for all char- 
acters except for a logo. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



52P4B (52-PIN SHRINK DIP) MARK SPECIFICATION FORM 

Mitsubishi IC catalog name 



Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 



A. Standard Mitsubishi Mark 



@ nnnnnnnnnnnnnnn nnnnnnnnnnnjR) 





Mitsubishi lot number (6-digit) 


A 



Mitsubishi IC catalog name 



lUUUUUUUUUUUUUUUUUUUUUUUUUc 



B. Customer's Parts Number + Mitsubishi Catalog Name 

>nnnnnnnnnnnnnnnnnnmnnnnnn 







































A 




Mitsubishi lot number (6-digit) 



- Customer's parts number 
Note : The fonts and size of characters 

are standard Mitsubishi type. 
Mitsubishi IC catalog name 



©uuuuuuuuuuuuuuuuuuuuuuuuuu 

Notel : The mark field should be written right aligned. 

2 : The fonts and size of characters are standard Mitsubishi type. 
3 : Customer's parts number can be up to 18 characters 

Only 0~9, A~Z, +, — , /, (, ), &, ©, . (period), and , (comma) are usable. 
4 : If the Mitsubishi logo A is not required, check the box on the right. AMitsubishi logo is not required 



C. Special Mark Required 

@ nnnnn nnnnnnn nnnnnnnnnnnnrin ^ 



® 



IUUUUUUUUUUUUUUUUUUUUUUUUU 



Notel : If the special mark is to be printed, indicate the desired layout of the mark in the upper figure The layout will 
be duplicated as close as possible. Mitsubishi lot number (6-digit) and mask ROM number (3-digit) are al- 
ways marked. 

2 : If the customer's trade mark logo must be used in the special mark, check the box below. Please submit a 
clean original of the logo. 

For the new special character fonts a clean font original (ideally logo drawing) must be submitted. 

Special logo required 



The standard Mitsubishi font is used for all characters except for a logo. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



56P6N (56-PIN QFP) MARK SPECIFICATION FORM 



Mitsubishi IC catalog name 



Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 



A. Standard Mitsubishi Mark 

(8 



0 



Mitsubishi lot 
number (6-digit) 



-Mitsubishi IC catalog name 



<S>' 



'<G> 



B. Customer's Parts Number -f Mitsubishi Catalog Name 



m- 
rn- 


0- 


nr~ 












rrr 




nrr 




0 



r -- Customer's parts number 

i Note : The fonts and size of characters are standard 
j Mitsubishi type. 

i~- Mitsubishi IC catalog name and Mitsubishi lot number 

1 

j Note4 . If the Mitsubishi logo A is not required, check 

the box below. 

AMitsubishi logo is not required 



Notel : The mark field should be written right aligned. 
2 : The fonts and size of characters are standard 

Mitsubishi type. 
3: Customer's parts number can be up to 11 char- 
acters * 

Only 0-9, A~Z, + , /, (, ), &, ©, . (period), 
and , (comma) are usable. 

C. Special Mark Required 




0] 



5 : Arrangement of Mitsubishi IC catalog name and 
Mitsubishi lot number is dependent on number 
of Mitsubishi IC catalog name and that Mitsu- 
bishi logo A is required or not. 

Notel : If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 
2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 



The standard Mitsubishi font is used for all char- 
acters except for a logo. 



AMITSUBISt 
ELECTRIC 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



60P6 (60-PIN QFP) MARK SPECIFICATION FORM 



Mitsubishi IC catalog name 



Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 



A. Standard Mitsubishi Mark 



Mitsubishi lot 
number (6-digit) 



-Mitsubishi IC catalog name 



i J 



® 



B. Customer's Parts Number + Mitsubishi 
Catalog Name 



<8> 



Mitsubishi lot 
number (6-digit) 



C. Special Mark Required 




i Customer's Parts Number 

Note : The fonts and size of characters are standard 
Mitsubishi type, 
i — Mitsubishi IC catalog name 



Notel : 

2: 



The mark field should be written right aligned. 
The fonts and size of characters are standard 
Mitsubishi type. 

Customer's parts number can be up to 12 char- 
acters 

Only 0-9, A~Z, + , - /, (, ), &, ©, . (period), 
and , (comma) are usable. 
If the Mitsubishi logo A is not required, check 
the box below. 

A Mitsubishi logo is not required 



□ 




Notel : If the Special Mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 
2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 



□ 



The standard Mitsubishi font is used for all char- 
acters except for a logo. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



64P4B (64-PIN SHRINK DIP) MARK SPECIFICATION FORM 



Mitsubishi IC catalog name 



Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

A. Standard Mitsubishi Mark 

© nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn ® 



D 





Mitsubishi lot 
number (6-digit) 


A 



©UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUl 



B. Customer's Parts Number + Mitsubishi Catalog Name 



nnnnnnrinnnnnn 



D 



Mitsubishi lot 
number (6-digit) 



Mitsubishi IC catalog name 



Customer's parts number 
Note : The fonts and size 
of characters are 
standard Mitsubishi 
type. 

Mitsubishi IC catalog name 



q^UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU 
Notel : The mark field should be written right aligned. 

2 : The fonts and size of characters are standard Mitsubishi type. 

3 • Customer's parts number can be up to 19 characters ' 

Only 0—9, A~Z, +, -, /, (, ), &, ©, . (period), and , (comma) are usable. 
4 : If the Mitsubishi logo A is not required, check the box on the right. 



C. Special Mark Required 

^ nnnnnnnnnnnnnnnnnn nnnnnnnnnnnnnn 



A Mitsubishi logo is not required 



® 



uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu^ 



Notel : If the special mark is to be printed, indicate the desired layout of the mark in the upper figure The layout will 
be duplicated as close as possible. Mitsubishi lot number (6-digit) and mask ROM number (3-digit) are al- 
ways marked. 

2 : If the customer's trade mark logo must be used in the special mark, check the box below. Please submit a 
clean original of the logo. 

For the new special character fonts a clean font original (ideally logo drawing) must be submitted. 

Special logo required 



The standard Mitsubishi font is used for all characters except for a logo. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



64P6N (64-PIN QFP) MARK SPECIFICATION FORM 



Mitsubishi IC catalog name 



Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

A. Standard Mitsubishi Mark 



an 
an 
an 



Mitsubishi lot 
number (6-digit) 



=n=i 

ZD 



-Mitsubishi IC catalog name 



Jzm 



B. Customer's Parts Number + Mitsubishi Catalog Name 



r-- Customer's parts number 



rrr~ 

□E 

an 



zcn 
~m 



Note • The fonts and size of characters are standard 
Mitsubishi type. 
- Mitsubishi IC catalog name 

Note3 : Customer's parts number can be up to 10 char- 
acters 

Only 0-9, A-Z, + , /, (, ), &, ©, . (period), 
and , (comma) are usable. 
4 : If the Mitsubishi logo A is not required, check 
the box below. 

AMitsubishi logo is not required 



©i 

Notel : The mark field should be written right aligned. 
2 : The fonts and size of characters are standard 
Mitsubishi type. (The character size became 
smaller than A (standard Mitsubishi mark) type) 

C. Special Mark Required 




5 : Arrangement of Mitsubishi IC catalog name and 
Mitsubishi lot number is dependent on number 
of Mitsubishi IC catalog name and that Mitsu- 
bishi logo A is required or not. 

Notel : If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked 
2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 



The standard Mitsubishi font is used for all char- 
acters except for a logo. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



64P6S (64-PIN QFP) MARK SPECIFICATION FORM 



Mitsubishi IC catalog name 

Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 



A. Standard Mitsubishi Mark 



Mitsubishi lot 
number (6-digit) 



I Mitsubishi IC catalog name 



■"I 



B. Customer's Parts Number + Mitsubishi 
Catalog Name 



Mitsubishi lot 
number (6-digit) 



Customer's Parts Number 

Note : The fonts and size of characters are standard 
Mitsubishi type. 

Mitsubishi IC catalog name and Mitsubishi lot number 

Note3: Customer's parts number can be up to 11 char- 
acters 

Only 0-9, A~Z, +, - /, (, ), &, ©, . (period), 
and , (comma) are usable. 
4 : If the Mitsubishi logo A is not required, check 
the box below. 

•^Mitsubishi logo is not required 



Notel : The mark field should be written right aligned. 
2 : The fonts and size of characters are standard 
Mitsubishi type. (The character size become 
smaller than A (standard Mitsubishi mark) type) 

C. Special Mark Required 




5 : Arrangement of Mitsubishi IC catalog name and 
Mitsubishi lot number is dependent on number 
of Mitsubishi IC catalog name and that Mitsu- 
bishi logo A is required or not. 

Notel : If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 
2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 



The standard Mitsubishi font is used for all char- 
acters except for a logo. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



64P6W (64-PIN QFP) MARK SPECIFICATION FORM 



Mitsubishi IC catalog name 

Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 



A. Standard Mitsubishi Mark 



Mitsubishi lot 
number (6-digit) 



-Mitsubishi IC catalog name 



® 



B. Customer's Parts Number + Mitsubishi Catalog Name 



Mitsubishi lot 
number (6-digit) 



0 

Notel : The mark field should be written right aligned. 
2 : The fonts and size of characters are standard 
Mitsubishi type. 



- Customer's parts number 

Note : The fonts and size of characters are standard 
Mitsubishi type. 

- Mitsubishi IC catalog name 

Note3 : Customer's parts number can be up to 12 char- 
acters ' 

Only 0-9, A~Z, +, -, /, (, ), &, ©, ■ (period), 
and , (comma) are usable. 
4 : If the Mitsubishi logo A is not required, check 
the box below. 

AMitsubishi logo is not required 



C. Special Mark Required 




Notel : If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 
2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 



The standard Mitsubishi font is used for all char- 
acters except for a logo. 
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A 



MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



72P6 (72-PIN QFP) MARK SPECIFICATION FORM 



Mitsubishi IC catalog name 



Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 



A. Standard Mitsubishi Mark 




Mitsubishi IC catalog name 



B. Customer's Parts Number + Mitsubishi 
Catalog Name 



























A 




Mitsubishi lot 
number (6-digit) 



I 



CDI 



C, Special Mark Required 



Customer's parts number 

Note : The fonts and size of characters are standard 
Mitsubishi type. 
I Mitsubishi IC catalog name 

Notel : The mark field should be written right aligned. 
2 : The fonts and size of characters are standard 

Mitsubishi type. 
3 : Customer's Parts Number can be up to 12 char- 
acters : 

Only 0-9, A~Z, +, -, /, (, ), &, ©, . (period), 
and , (comma) are usable. 
4 : If the Mitsubishi logo A is not required, check 
the box below. 

AMitsubishi logo is not required 




Notel : If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 
2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 



The standard Mitsubishi font is used for all char- 
acters except for a logo. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



80P6 (80-PIN QFP) MARK SPECIFICATION FORM 



Mitsubishi IC catalog name 

Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 



A. Standard Mitsubishi Mark 




Mitsubishi IC catalog name 



B. Customer's Parts Number + Mitsubishi Catalog Name 




Notel : The mark field should be written right aligned. 
2 . The fonts and size of characters are standard 
Mitsubishi type. 



i Customer's parts number 

| Note : The fonts and size of characters are standard 
l Mitsubishi type. 

j r - Mitsubishi IC catalog name 



Note3 : Customer's parts number can be up to 14 char- 
acters 

Only 0-9, A~Z, +, /, (, ), &, ©, . (period), 
and , (comma) are usable. 
4 : If the Mitsubishi logo A is not required, check 
the box below. 

AMitsubishi logo is not required 



C. Special Mark Required 



Notel 




: If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 

: If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 



The standard Mitsubishi font is used for all char- 
acters except for a logo. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



80P6N (80-PIN QFP) MARK SPECIFICATION FORM 



Mitsubishi IC catalog name 

Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 



A. Standard Mitsubishi Mark 



Mitsubishi lot 
number (6-digit) 



Mitsubishi IC catalog name 



B. Customer's Parts Number + Mitsubishi Catalog Name 




Notel : The mark field should be written right aligned 
2 : The fonts and size of characters are standard 
Mitsubishi type. 

C. Special Mark Required 



- Customer's parts number 

Note : The fonts and size of characters are standard 

Mitsubishi type. 
-Mitsubishi IC catalog name 

Note3: Customer's parts number can be up to 14 char- 
acters '. 

Only 0-9, A~Z, + , -, /, (, ), &, ©, . (period), 
and , (comma) are usable. 
4 : If the Mitsubishi logo A is not required, check 
the box below. 

AMitsubishi logo is not required 



Notel 




If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 
If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 



The standard Mitsubishi font is used for all char- 
acters except for a logo. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



80P6S (80-PIN QFP) MARK SPECIFICATION FORM 



Mitsubishi IC catalog name 



Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 



A. Standard Mitsubishi Mark 



Mitsubishi lot 
number (6-digit) 



I 

_J 



Mitsubishi IC catalog name 



B. Customer's Parts Number + Mitsubishi 
Catalog Name 



Mitsubishi lot 
number (6-digit) 



- Customer's parts number 

Note : The fonts and size of characters are standard 
Mitsubishi type. 

- Mitsubishi IC catalog name 

Note3 : Customer's parts number can be up to 10 char- 
acters 

Only 0-9, A~Z, + , /, (, ), &, ©, . (period), 
and , (comma) are usable. 
4 : If the Mitsubishi logo A is not required, check 
the box below. 

A Mitsubishi logo is not required 



Notel : The mark field should be written right aligned. 
2 : The fonts and size of characters are standard 
Mitsubishi type. (The character size become 
smaller than A (standard Mitsubishi mark) type) 



C. Special Mark Required 




5 : Arrangement of Mitsubishi IC catalog name and 
Mitsubishi lot number is dependent on number 
of Mitsubishi IC catalog name and that Mitsu- 
bishi logo A is required or not. 

Notel : If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 
2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 



Special logo required 



The standard Mitsubishi font is used for all char- 
acters except for a logo. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



84P0 (84-PIN PLCC) MARK SPECIFICATION FORM 



Mitsubishi IC catalog name 



Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

A. Standard Mitsubishi Mark 



nn nnnnnnnnnnnnnn nnn 



o 







Mitsubishi lot 
number (6-digit) 




C 



Mitsubishi IC catalog name 



B. Customer's Parts Number + Mitsubishi Catalpg Name 



nn nppnnnnnnnni-inni-ii-n-ii-in 



Mitsubishi lot 
number (6-digit) 



-Customer's parts number 

Note : The fonts and size of characters are standard 
Mitsubishi type. 
-Mitsubishi IC catalog name 

Note3 : Customer's parts number can be up to 16 char- 
acters 

Only 0-9, A~Z, +, /, (, ), &, ©, . (period), 
and , (comma) are usable. 
4 : If the Mitsubishi logo A is not required, check 
the box below. 

A Mitsubishi logo is not required 



Notel : The mark field should be written right aligned. 
2 : The fonts and size of characters are standard 
Mitsubishi type. (The character size become 
smaller than A (standard Mitsubishi mark) type) 

C. Special Mark Required 











0 




o 




o 



5 : Arrangement of Mitsubishi IC catalog name and 
Mitsubishi lot number is dependent on number 
of Mitsubishi IC catalog name and that Mitsu- 
bishi logo A is required or not. 

Notel : If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 
2 : If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 



The standard Mitsubishi font is used for all char- 
acters except for a logo. 
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MITSUBISHI MICROCOMPUTERS 

MARK SPECIFICATION FORM 



100P6S (100-PIN QFP) MARK SPECIFICATION FORM 



Mitsubishi IC catalog name 



Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 

A. Standard Mitsubishi Mark 




Mitsubishi IC catalog name 



B. Customer's Parts Number + Mitsubishi Catalog Name 































A 




Mitsubishi lot 
number (6-digit) 



Notel : The mark field should be written right aligned. 
2 : The fonts and size of characters are standard 
Mitsubishi type. 
C. Special Mark Required 




-Customer's parts number 
Note : The fonts and size of characters are standard 

Mitsubishi type. 
Mitsubishi IC catalog name 

Note3 : Customer's parts number can be up to 14 char- 
acters i 

Only 0-9, A~Z, +, -, /, (, ), &, ©, . (period), 
and , (comma) are usable. 
4 : If the Mitsubishi logo A is not required, check 
the box below. 

AMitsubishi logo is not required 



Notel 



If the special mark is to be printed, indicate the 
desired layout of the mark in the left figure. The 
layout will be duplicated as close as possible. 
Mitsubishi lot number (6-digit) and mask ROM 
number (3-digit) are always marked. 
If the customer's trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 

Special logo required 



The standard Mitsubishi font is used for all char- 
acters except for a logo. 
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CONTACT ADDRESSES FOR FURTHER INFORMATION 



JAPAN 

Semiconductor Marketing Division 
Mitsubishi Electric Corporation 
2-3, Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100, Japan 
Telex 24532 MELCO J 

Telephone (03)3218-3473 
(03) 3218-3499 
Facsimile (03)3214-5570 

Overseas Marketing Manager 

Kita-ltami Works 

4-1, Mizuhara, Itami-shi, 

Hyogo-ken 664, Japan 

Telex 526408 KMELCO J 

Telephone (0727)82-5131 

Facsimile (0727) 72-2329 

HONG KONG ========== 

Mitsubishi Electric (H K ) Ltd 
41st fl , Manulife Tower, 169, 
Electric Road, North Point, Hong Kong 
Telex 60800 MELCO HX 

Telephone 510-0555 
Facsimile 510-9830,510-9822, 
510-9803 

SINGAPORE — 

MELCO SALES SINGAPORE PTE, 
LTD 

307 Alexandra Road #05-01/02 
Mitsubishi Electric Building 
Singapore 0315 

Telex RS 20845 MELCO 

Telephone 4732308 
Facsimile 4738944 

TAIWAN = 

MELCO-TAIWAN CO , Ltd 
1st fl , Chung-Ling Bldg , 
363, Sec 2, Fu-Hsing S Road, 
Taipei ROC 

Telephone. (02) 735-3030 
Facsimile (02) 735-6771 
Telex 25433 CHURYO "MELCO- 

TAIWAN" 

U.S.A. ================ 

NORTHWEST 

Mitsubishi Electronics America, Inc 
1050 East Arques Avenue 
Sunnyvale, CA 94086 
Telephone (408) 730-5900 
Facsimile (408) 730-4972 

SAN DIEGO 

Mitsubishi Electronics America, Inc 
16980 Via Tazon, Suite 220 
San Diego, CA 92128 
Telephone (619)451-9618 
Facsimile (619)592-0242 

DENVER 

Mitsubishi Electronics America, Inc 
4600 South Ulster Street 
Metropoint Building, 7th Floor 
Denver, CO 80237 
Telephone (303) 740-6775 
Facsimile (303)694-0613 



SOUTHWEST 

Mitsubishi Electronics America, Inc 
991 Knox Street 
Torrance, CA 90502 
Telephone (213)515-3993 
Facsimile- (213)217-5781 

SOUTH CENTRAL 

Mitsubishi Electronics America, Inc 
1501 Luna Road, Suite 124 
Carrol Iton, TX 75006 
Telephone (214)484-1919 
Facsimile- (214)243-0207 

NORTHERN 

Mitsubishi Electronics America, Inc 
15612 Highway 7 #243 
Minnetonka, MN 55345 
Telephone (612)938-7779 
Facsimile (612)938-5125 

NORTH CENTRAL 

Mitsubishi Electronics America, Inc 
800 N Bierman Circle 
Mt Prospect, IL 60056 
Telephone (312)298-9223 
Facsimile (312)298-0567 

NORTHEAST 

Mitsubishi Electronics America, Inc 
200 Unicorn Park Drive 
Woburn, MA 01801 
Telephone (617)932-5700 
Facsimile (617)938-1075 

MID-ATLANTIC 

Mitsubishi Electronics America, Inc 
800 Cottontail Lane 
Somerset, NJ 08873 
Telephone (201)469-8833 
Facsimile (201)469-1909 

SOUTH ATLANTIC 

Mitsubishi Electronics America, Inc 
2500 Gateway Center Blvd , Suite 300 
Morrisville NC 27560 
Telephone (404) 368-4850 
Facsimile: (404) 662-5208 

SOUTHEAST 

Mitsubishi Electronics America, Inc 
Town Executive Center 
6100 Glades Road #210 
Boca Raton, FL 33433 
Telephone (407) 487-7747 
Facsimile- (407) 487-2046 

CANADA 

Mitsubishi Electronics America, Inc 
6185 Ordan Drive, Unit #110 
Mississauga, Ontario, Canada L5T 2E1 
Telephone. (416)670-8711 
Facsimile (416)670-8715 

Mitsubishi Electronics America, Inc 
300 March Road, Suite 302 
Kanata, Ontario, Canada K2K 2E2 
Telephone (416)670-8711 
Facsimile (416)670-8715 



GERMANY = 

Mitsubishi Electric Europe GmbH 

Headquarters 

Gothear Str 8 

4030 Ratmgen 1, Germany 

Telex 8585070 MED D 

Telephone- (02102)4860 

Facsimile (02102)486-115 

Munich Office 
Arabellastrafee 31 
8000 Munchen 81, Germany 
Telex 5214820 
Telephone (089)919006-09 
Facsimile (089)9101399 

FRANCE = 

Mitsubishi Electric Europe GmbH 
55, Avenue de Colmar 
92563 Rued Malmaison Cedex 
Telex- 632326 
Telephone 47087871 
Facsimile 47513622 

ITALY =============== 

Mitsubishi Electric Europe GmbH 
Centro Direzionale Colleoni 
Palazzo Cassiopea 1 
20041 Agrate Brianza l-Milano 
Telephone (039) 63601 1 
Facsimile (039)6360120 

SWEDEN = 

Mitsubishi Electric Europe GmbH 
Lastbilsvagen 6B 
5-19149 Sollentuna, Sweden 
Telex 10877 (meabS) 

Telephone (08) 960468 
Facsimile (08) 966877 

U.K. = 

Mitsubishi Electric (U K ) Ltd 

Travellers Lane 

Hatfield 

Herts AL10 8XB, England, U K 
Telephone (0044)7072 76100 
Facsimile (0044) 7072 78692 

AUSTRALIA — 

Mitsubishi Electric Australia Pty Ltd 
348 Victoria Road 
Rydalmere Nsw 2116, Australia 
Private Bag No 2 Rydalmere Nsw 2116 
Telex MESYDAA 126614 

Telephone (02) 684-7200 
Facsimile (02) 638-7072 



MITSUBISHI DATA BOOK 
SINGLE-CHIP 8-BIT MICROCOMPUTERS Vol.2 



May. First Edition 1992 
Editioned by 

Committee of editing of Mitsubishi Semiconductor Data Book 

Published by 

Mitsubishi Electric Corp., Semiconductor Division 

This book, or parts thereof, may not be reproduced in any form without permission of 
Mitsubishi Electric Corporation. 

© 1992 MITSUBISHI ELECTRIC CORPORATION Printed in Japan 



MITSUBISHI SEMICONDUCTORS 
SINGLE-CHIP 8-BIT MICROCOMPUTERS vol 2 



A MITSUBISHI ELECTRIC CORPORATION 

MEAD OFFICE MITSUBISHI DENKI BLOG MARUNOUCMI TOKYO 100 TELEX J24532 CABLE MELCO TOKYO 



If these products cx technologies 
fall under Japanese and/or COCOM 
strategic restrictions diversion 
contrary thereto is prohibited 



H-DB048-A KI-9205 Printed in Japan (ROD) 
C 1992 MITSUBISHI ELECTRIC CORPORATION 



New publication, effective May 1992 
Specifications subject to change without notice 



